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ABSTRACT
THE EFFECTS OF USING PRESCRIBED FIRE OR MOWING TO
MAINTAIN EARLY SUCCESSIONAL WILDLIFE HABITAT
By
Kathleen M Barrett
University of New Hampshire, May, 2008

This study involves a comparison and results between prescribed burns
and mowing in order to maintain openings in early successional stages at Great
Bay National Wildlife Refuge, Newington, NH. The prescribed fire was
conducted by a US Fish and Wildlife fire crew on 19 September 2001. The
mowing was completed during the third week of October 2001 by staff and
volunteers.
Observations included height/length growth measurements and biomass
weights. Results indicate that burning had no significant advantage over mowing
except for the reduction of debris and ticks. Biomass figures show that mowing
resulted in a higher biomass weight than burned plots.
Special attention was given to non-native invasive species, with some
species tending to increase with a fall burn. The mowed study sites did not seem
to have a significant increase in growth or spread of invasive species.
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CHAPTER I

INTRODUCTION

The population increase in New Hampshire leaves undeveloped land
scarce, especially in the southern part of the state. From 1990 to 1998 the
population grew 6.8% in New Hampshire, making it the fastest growing state in
the Northeast (Sundquist & Sterns 1999). The number of housing units in the
state grew 55% between 1980 and 1998, during which 110,000 single family
homes were built: almost 5,000 in 1998 alone (Sundquist & Sterns 1999). The
Society for the Protection of New Hampshire Forests and the New Hampshire
Chapter of The Nature Conservancy prepared a report entitled New Hampshire's
Changing Landscape: Population Growth, Land Use Conservation, and
Resource Fragmentation in the Granite State. This report concludes that in the
next 20 years "the greatest loss of forest land will occur in southeastern New
Hampshire, with about 60,000 acres lost in Rockingham, Hillsborough, and
Strafford Counties ...." Between 1974 and 1997, eighty-three thousand, eight
hundred (83,800) acres of New Hampshire farmland was lost to other uses
(Sundquist & Sterns 1999). This development creates even more need for
landowners to protect and maintain their undeveloped land as undeveloped, nonforested land (open spaces) though there has been little public recognition of its
importance.

1

Undeveloped land is important for a variety of reasons; the most important
to this study is as wildlife habitat for the many species which require early
successional habitat to survive. In the eastern region of North America, of the
ecosystems that have declined by more than 98%, fifty-five percent are
grassland, savanna, and barren communities and 24% are shrubland
communities (Askins 2001). It has been shown that the decline of some wildlife
species in New Hampshire is directly related to the loss of early successional
habitat (Litvaitis 1999).
This research project will analyze the effects of using prescribed fire and
mowing as tools for maintaining abandoned agricultural land in early
successional stages, and to compare the two methods.
The study was conducted on the Great Bay National Wildlife Refuge
(NWR) located on the shores of Great Bay in Newington, NH. The land was
used as pasture and hay fields until 1952 when the Department of Defense
acquired the land and established Pease Air Force Base (Figure 1.1; Appendix
A). When the base closed in 1991, the property south of Mclntyre Road was
transferred to the Department of Interior as a wildlife refuge by an Act of
Congress. The Great Bay National Wildlife Refuge was established in 1992 to
protect the property from being developed and continues to be managed
according to the US Fish & Wildlife Service's mission to "work with others to
conserve, protect and enhance fish, wildlife, and plants and their habitats for the
continuing benefit of the American people" (US Fish & Wildlife Service 2001).
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Figure 1.1 Aerial Photo of the future Pease Air Force Base 1947

Since the farm abandonment in 1953, much of the non-essential portions
of the Air Base property reverted to forestland. Over 85 acres of the 1,054 acre
refuge are being kept in early successional forest stages and grasslands by
mowing and prescribed fire.
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During a conversation with Jimmie Reynolds, Manager, Great Bay NWR,
about researching the effects of prescribed fire as a thesis subject, the Refuge
property was offered for possible study sites. Of the 1,054 acres of land under
management, approximately 60 acres of the nearly 175 acres kept in early
successional stages had already been managed using prescribed fire as one of
the management methods.
Due to the development of land around the Great Bay area, Refuge
manager, Jimmie Reynolds, is interested in working toward retaining open lands
for wildlife species without the use of pesticides. A management plan is currently
in place allowing fields to grow for no more than four years before being mowed
or burned. If a field is mowed, it will be two years before it can be burned due to
the lack of fuel availability (J. Reynolds, US Fish & Wildlife Service, Newington,
N.H., personal communication 2001).
The Great Bay NWR is located within the Atlantic Flyway and provides
food, cover, and water to a large number of migrating waterfowl as well as
songbirds. It has also hosted threatened and endangered species such as the
bald eagle (Haliaeetus leucocephalus), upland sandpiper (Bartramia longicauda)
and osprey (Pandion haliaetus). The eagles winter in the seacoast area due to
Great Bay not completely freezing, allowing the eagles to hunt for their main food
source, fish. The upland sandpiper has been seen with chicks on the Refuge, but
it isn't clear if they nested there or came over from the Pease airport runway,
where several pairs nest every year. Osprey have been seen in larger numbers
in recent years. Currently there are three active nests found within the
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boundaries of the Refuge. Because Great Bay NWR is such an important
property during migrations, Reynolds asked that the research look more at the
effects based on bird species requirements rather than the resident mammal
populations.
A secondary purpose of this research will be to study the effect of fire on
invasive species. The Great Bay NWR is overwhelmed by a variety of invasive
plants, including autumn olive, black swallow-wort, Oriental bittersweet, and
knapweed, among others (Appendix B). Invasive species have five biological
traits: 1) the ability to produce large quantities of seeds or propagules; 2)
effective dispersal mechanisms; 3) are readily established; 4) rapid growth; and
5) are effective competitors (Mehrhoff 1998). Due to their rapid reproduction,
invasives can form stands that can exclude nearly all other plants, damaging
natural areas, altering ecosystem processes, displacing native species, and
changing the genetic makeup of native species by hybridization (Randall 1996).
Poison ivy, which is in abundance on Great Bay NWR, is one native species that
meets the invasive criteria. However, most invasive species lists tend to list only
"exotic" species. The Invasive Plant Atlas of New England (IPANE) lists poison
ivy as a noxious weed. Anyone working in infested areas for multiple years can
see the effect poison ivy has, and how quickly it can grow in a variety of habitats.
Though it is a noxious weed, its value as a wildlife food source gives it beneficial
properties.
IPANE does have one species considered to be a "native invasive", reed
canary grass (Phalaris arundinacea). It is a circum-global species, occurring in
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Eurasia as well as in North America, and there is some question about the
provenance of the invasive stands seen in New England. Could these actually
represent a Eurasian strain or a hybrid? No one is quite sure at this time (Ted
Ellison, IPANE, personal communication February 2008).

Problem Statement
This study will compare the biomass and growth of herbaceous plants on
both burned and mowed sites with additional consideration given to those
species most important to birds. The study also considers invasive plant species
which could alter habitats substantially.
The objectives of this study involve evaluating and comparing the effect(s)
of prescribed fire and mowing on woody, herbaceous, and invasive plants. This
includes looking at whether fire assists in spreading or hindering invasive
species, and whether plant growth is better on one treatment than the other. The
study will also complete statistical analyses based on biomass information
gathered on an individual plot basis as well as a site basis. The resulting
information will be used by Refuge staff when making management decisions.

Limitations Of The Study
The factor with the most influence to this research was the weather. The
weather not only dictated whether or not a burn could take place, but there was
the possibility it could have create atypical growth behavior in some species.
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The amount of rain affected the length of the growing season, when
measurements ended, and when collection began.
The Great Bay NWR itself was a limiting factor. The research was located
only within its borders so comparisons with other locations would be limited.
Each of the sites differs in slope and aspect, the soils range from anthropogenic
parent material (pits, sand and gravel) to till (very stony) to marine or lacustrine
(silt loam) (Appendix C). According to Daubenmire (1968), even with the same
species, if they were growing in different climates with different soils, there would
be varying results.
Due to the goals of the Refuge and the difficulties of burning in the
northeast, the statistical evaluation of this research project was a pseudoreplicated design. Getting a true replicated design was not an option on these
sites.
Budget limitations were not a major factor. A small amount of equipment
was needed to complete the research. The costs were paid for by the
researcher.

Basic Assumptions
Fire, both prescribed and natural has occurred for centuries in the
southern and western United States. Although use of fire is increasing as a
management tool, it is still not as common in the northeast. Traditionally fire was
used in spring to reduce thatch in fields or pastures. Prescribed fires are often
used to clear competition from blueberry fields and home gardens. Different NH
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state properties are burned to reduce fuel loads and for research. This study is
being done to see what the effects may be when using fire to maintain old
agricultural fields in early successional stages. Since the northeast is one of the
few places not using prescribed fire on a regular basis, any information gathered
may be useful to others studying similar questions.
The results of this study will be most useful to states in the northeast due
to similar weather conditions and species composition. It can be especially useful
to those dealing with making management decisions concerning wildlife habitat.
Some results, ie: procedures and techniques, may be useful to anyone
attempting to complete similar research. It is hoped through this research any
results found will help land managers carefully consider using prescribed fire in
their management plans.

Prescribed Fire in New Hampshire
The most accurate definition of a prescribed fire was written by
Niering (1981). "Prescribed or controlled burning can be defined as the skillful
application of fire to the fuel complex that will confine the fire to a designated
area and produce an intensity of heat and rate of burn to accomplish certain
planned objectives in wildlife, range and silviculture management, as well as in
other land uses."
Forest fires are rare in the northeast and therefore, usually don't get the
attention received by the huge fires in the western states. Unless property is
damaged due to a fire, there is almost no media coverage. Media reports
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warning of a high fire clanger are not fully understood by the public. Most people
have no direct experience with, and therefore no comprehension that fire can be
beneficial. In addition, in recent years, in the west a few prescribed fires escaped
and burned thousands of acres and many homes. To some the term prescribed
fire is perceived as a bad thing.
A newly revised USDA Forest Service forest plan allows natural wildland fire use. The fires must meet the following criteria: be burning in an
approved management area, not pose a significant threat to person or property,
and be monitored by qualified personnel. Only after meeting these criteria is the
fire allowed to burn naturally. Approximately 14% of fires in the White Mountain
region are from lightning strikes, usually occurring on ridge tops in July and
August in drought years. Campfires - either abandoned or arson related- get
loose every year but normally do not burn more than an acre. Tom Brady, NAS&PF Cooperative Fire Specialist WMNF / GMFL Fire Staff Officer, USDA Forest
Service, does not think a fire in northern NH would burn above 40 acres, but
does not rule it out with the right conditions: temperature, relative humidity, fuel
load and moisture content, and wind speed. The largest fire in the last 50 years
in New Hampshire was called the Lucky Brook Fire and occurred November
2004 in Bartlett, in a mixed wood stand without a high fire danger. It burned 140
acres and was believed to have been started by a hunter. (T. Brady, US Forest
Service, Laconia, N.H., personal communication 2007)
The USDA Forest Service began using prescribed burns in an attempt to
keep log landings in early successional stages for wildlife openings. This
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practice was operationally inefficient because of the high cost per acre and the
small size of the landings, usually only a couple of acres. The effectiveness of
the burn for habitat enhancement was diminished. For maximum impact, a 10
acre minimum should be burned. The White Mountain National Forest region is
limited in its ability to burn because of fire adapted communities - oak types,
mixed pine, mixed hardwoods. Fire adapted communities are classified
according to the fire susceptibility. In a paper published in 1977, Richard Vogl
categorized these ecosystems as fire independent, fire initiated, and fire
dependent.
"Fire-dependent or adapted ecosystems are of a special interest
to those concerned with ecosystem alteration since their perpetuation
is highly dependent upon fire. Among the fire adaptations or
requirements of fire-dependent species are (1) bare mineral or
exposed substrate for seed germination, (2) removal of toxic or
allelopathic chemicals or disease-causing conditions, (3) reproductive
structures requiring fire to disperse propagules, and (4) ability to
vegetatively reproduce by root suckering , stump sprouts, or
epicormic stems" (Niering 1981).
As one component of fire management, prescribed fire is used to alter,
maintain, or restore vegetative communities (USDA FS 2006). On 1 May 2006,
prescribed fires for fuel reduction and silvicultural understory burns began in the
White Mountain National Forest. Because of budget constraints burns are no
longer scheduled with only one purpose. Questions to ask may include: Is the
land to be retained as grassland for wildlife species? Maybe in the near future it
is to be a pasture for livestock. White-tailed deer (Odocoileus virginianus) and
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wild turkey (Meleagris gallopavo) have been seen passing through the property,
what needs do they have that can be met by maintaining the property as a field
or early successional forest land? What other species can benefit? Are these
goals best met using prescribed fire or can they easily be met using mowing or
herbicide applications? How will your choice of management methods be
carried out? Now they are completed for multiple effects - reduce fuels, create
and/or maintain wildlife habitat, silvicultural impacts, aesthetic value, and fruit
production. To date, prescribed fires meet and exceed expectations along with
providing training for local fire departments and state rangers. The burns also
assist with good public relations by providing an opportunity for forums to discuss
fire, its uses, benefits and the differences between the Northeast and California
(T. Brady, US Forest Service, Laconia, N.H., personal communication 2007).
The Forest Service attempts to integrate the goals of several departments
when planning a prescribed fire. No matter the acreage being considered for a
burn, 5 acres or 500, a 50 page burn plan must be completed. A federal
prescribed fire plan must contain a minimum of 21 elements that must be
addressed before a fire can be ignited (Appendix D). So the larger the fire, the
more effective the burn and the more efficient the burn plan.
The first understory prescribed burn conducted in NH by the Forest
Service was completed in a white pine stand with a goal of reducing competition
and preparing the soil to encourage regeneration. A small percentage of the fire
burned hot but the majority of the site burned cooler. The effectiveness of the
burn was obvious: hemlock reproduction increased 4,000%, white pine over
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100% and oak over 100% as well. The fire was successful in encouraging
reproduction. However, it killed some of the larger hemlock in the area. Though
this was an unintended result, wildlife benefited due to the increased diversity of
wildlife habitat created by the snags.
Though burn days are scarce for much of the year, fire is used in New
Hampshire by the NH Division of Forests and Lands for restoration of various
habitats. The Division has 12 properties that have been burned in multiple years
since 1990 including blueberry barrens, pitch pine barrens, grassland and
heathland habitats (Appendix E). At the Leonard Wildlife Management Area in
Webster, NH, HOP -EV FCA, and the Karner blue easement in Concord, NH, the
burns were conducted for grassland and field restoration. For the federally
endangered Karner Blue butterfly (Lycaeides Melissa samuelis), prescribed fires
are used to enhance habitat and reduce woody competition from their pine
barren habitat. The butterfly larvae rely entirely upon the native lupine (Lupinus
perennis), with the adults surviving on a select group of nectar species which can
be out-competed in the habitat without the assistance of a burn.
Of the successful State burns, most are conducted in the spring, with one in
1991, being a fall burn for aspen restoration. Merrimack River State Forest,
Boscawen, had burns in 1991 for insect control and the Agnew State Forest,
Jefferson, burns in 2005-2006 were for upland opening maintenance. Five of the

burns, in various years, were for specific tree species restoration. The Karner
Blue easement has been burned in all seasons but winter for grassland
restoration.
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Habitat restoration is the primary purpose for burns on most of the state
properties. The most common habitat on the state properties are the blueberry
barrens. The blueberry barrens are burned to control herbaceous and woody
competition which, if left unchecked, would out compete the blueberry plants.
The burns also help maintain scenic vistas and along with the berries provide
recreation.
Many of the state properties are broken into sections or burn units. Three
units in a selected area are burned in a given year on a particular property. The
following year the next units are selected with an attempt to return to each of the
burn units once every 5 years. Ideally the burns take place between snow melt,
when the ground is still frozen but the snow has melted, and bud break.
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CHAPTER II

PROCEDURES

Research Design
This study is a pseudo-replicated design. Four fields were selected on the
Great Bay National Wildlife Refuge (NWR). The sites were labeled 1,2,5 and 6.
Sites 2 and 5 have never been burned, only mowed, and Sites 1 and 6 have
been burned in the past and were both burned again on 19 September 2001
(Table 2.1).
Table 2.1 Site Numbers and Treatments
Area
Site
Designation Number Burned Mowed Heights Biomass
G-9
X
X
Site 1
X
G-7
Site 2
X
X
X
G-8
Site 3 Excluded Never Burned
G-3
Site 4 Excluded Never Burned
G-12
X
X
Site 5
G-20
Site 6
X
X
Area designation refers to the number assigned to each Habitat Management
Area of Great Bay National Wildlife Refuge as shown in Figure 2.1.

Since New England burn days are infrequent it was impossible to burn in
small patches to create a replicated study. The weather conditions and proximity
of property to populated areas in the seacoast area were the largest obstacles.
The availability of a burn crew was difficult since the crew works both Rachel
Carson NWR and Great Bay NWR. Rachel Carson NWR is where the burn crew
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is based and contains nearly 7,600 acres receiving priority on all burn days.
Great Bay NWR was burned only if the crews were done at Rachel Carson. This
greatly increases the importance of burning the entire field and not burning the
strips or plots needed for true replication. In addition, burning strips or patches of
fields increases cost.
All four fields are similar in vegetative composition though their aspect and
acreage differs. Due to the varying sizes (2 to 11 acres) of these fields, each field
contained the same number of plots. Thirty (30) one-square meter plots were
established and growth measurements were taken on Sites 1 and 2, biomass
was taken on all 4 sites. The Habitat Management Treatment Areas map shows
each management area at Great Bay NWR. Site 1 is G-9. However, a road
intersects this block and the portions southeast of the road are not included in the
study. Site 2 is shown as G-7 and encompasses the entire area. Site 5 is not
entirely G-20. It begins at the corner of the fence line to the former weapons
storage area and continues to the smaller of the two wetlands pictured in the
G-20 block. Site 6 is G-12 and follows the tree line as shown in the aerial photo
(Figure 2.1). Figure 2.2 shows the exact boundaries of the sites and the
eliminated patches of shrubs.
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Figure 2.1 - Great Bay NWR Habitat Management Treatment Area Map
"Bftf"

f"W:

Great Bay National Wildlife Refuge
Habitat Management Plan
Habitat Management Treatment Areas

The outlined, numbered areas are managed for open space with burning or mowing.
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Figure 2.2 Research Sites on Great Bay National Wildlife Refuge
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Due to the volume of plants, weather, and time constraints there was no
scheduled visit for each plot. They were measured in an orderly fashion and
once Site 1 was completed, the same procedures were repeated on Site 2 and
so forth. Other sites were originally selected but due to the lack of a burn along
with an excessive amount of invasive species or poison ivy, replacement sites
were chosen. The late transition of sites did not allow for sites 5 and 6 to be set
up in time and only 1 season was used for growth measurements. The numbers
for growth were used in a comparison between the burned and mowed field
(Sites 1 & 2). The second season was spent on biomass information and
completing plant identification. For accurate identification plants must be in
bloom, especially grasses. With so many plants blooming at the same time
identification was quite a challenge. The more complicated POACEAE,
CYPERACEAE, and JUNCACEAE species collected were sent to the New
England Wildflower Society, where Chris Mattrick and volunteers assisted with
identification. The taxonomy followed Gleason and Cronquist (1991), Magee
and Ahles (1993), and Arthur Haines (2001) (Appendix F).

Plot Location
After site selection, each field boundary was walked with a Global
Positioning System (GPS) unit. The information was then downloaded into a
Geographical Information System (GIS) program and using the Graticules and
Grids option spacing of plots was determined allowing for 30 plots on each site.
Two randomly selected numbers were used depending upon the spacing of the
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plots. For example, if the grid distance used was 50 feet, the random numbers
had to be from 1 to 50. The layout began at the southern corner of each site and
measuring the distance using the first random number. Then turning 90 degrees,
towards the field, and measuring the distance of the second random number. All
the remaining plots were measured from the point of beginning (POB) using the
chosen grid distance for each site. The center of each plot was marked with a 6inch flagged, galvanized nail during the layout. From the center, 3"x 5" flags, 15
inches tall, were placed in north-south and east-west directions creating one
square meter plots (T. Lee & R. Weyrick, University of New Hampshire, Dept. of
Natural Resources, Durham, N.H., personal communication). Moving in a
clockwise direction one specimen of each different plant species was marked
with both a flag and lead-free paint (Appendix G) and assigned a unique number
which was written on the flag. This allowed for more accurate measurements and
record keeping.

Collection Procedures
Season 1 plants began to die off around the middle of July due to dry conditions.
Using a metric tape measure, every marked specimen within the plots was
measured for growth. For upright plant growth, i.e.: grasses, the tape measure
was placed on the ground at the base of the plant and measured up to the shoot
apex. Growth measurement taken for recumbent, trailing plants was measured
from the base of the plant to the shoot apex. This measurement included the
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entire growth of the plant and not only the growth found within the 1m2 boundary
of the plot.
The second season had sufficient rainfall at different times during the
growing season and the plants survived into August. Biomass was gathered
starting in August toward the end of the growing season when plant die off was
apparent. All herbaceous and woody vegetation, including the previous years
material, was cut off at ground level, placed by species into separate bags,
marked with plot and site number then placed in a larger bag marked with the
plot number, site number and date. During collection it was found to be easier to
place the entire plot into one bag, bring it back to the lab and then sort the
material by species or genus. The bags were then brought to one of UNH's
drying kilns and dried. If the kilns were unavailable, the plants were temporarily
placed in a freezer. The contents of each bag was weighed and labeled with a
constant dried weight measurement for each plant species, per plot on each site.
Plants that had not bloomed, were placed into a bag marked as unknown. They
were still needed for accurate biomass measurement, but could not be identified
without the inflorescence (flower). Several unknown plants were observed during
the first growing season.
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CHAPTER III

REVIEW OF LITERATURE

Though there are varying opinions regarding the extent of the use of fire
by aboriginal people in North America, history tells us fire played an important
role in shaping our past landscapes. It is believed most fires were set by Native
Indians to fire-proof villages, encourage nut and berry production, clear areas for
agricultural needs, control undesirable pests, maintain open grasslands,
savannas or prairies for small game habitat, or to concentrate game in smaller
areas for the convenience of hunting (Brose 2001, Litvaitis 1999). No matter
what the differences are in the number of native peoples using fire, whether the
European settlers continued the practice of burning, or how many of the fires
were intentionally set or caused by lightning strikes, it is agreed that fire is an
important natural factor to the progression of ecological changes such as species
composition.
A recent study completed by Brose, et al.(2001), attempted to prove that
the lack of fire in the Appalachians is at least partially responsible for the
widespread problems in oak regeneration. According to Foster (1995)
"palynological and historical evidence indicates a decrease in many of these
species with fire control." He is referring to several tree species believed to have
fire adaptations like the oaks, hickory, birch, chestnut, and pitch pine. In an
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article from the Official Website of Yellowstone National Park (Yellowstone
2001), it is stated that due to the great fires that burned in 1988 in Yellowstone,
"...where serotinous lodgepole pines were burned, seed densities ranged from
50,000 to 1 million per acre, beginning a new cycle of forest growth under the
blackened canopy." The lodgepole pine, along with several other serotinous tree
species, is known as a pyrix species. Fire is required to open their cones to
release the seeds, otherwise there is no regeneration.
Fire is one of three methods for maintaining forest openings or reclaiming
old fields. The second is mechanical, or cutting and mowing, and the third is the
use of herbicides or chemicals. Each method has its pros and cons. As stated
above, fire has been a natural vegetative management agent for millennia. It
works in varying ways depending upon the species it encounters. Fire can girdle
woody stems, killing the cambium beneath the bark, cook the roots beneath the
surface as is the case with long-lasting surface or ground fires, or consume and
scorch foliage. One advantage of fire is its ability to consume debris thereby
reducing fuels that could present a fire hazard or obstruct other management or
use activities (Weyrick 2001). One million two hundred thousand acres of
Yellowstone Park's 2,221,800 acres burned in 1988. Surveys conducted after
these remarkable fires showed that less than 1% of soils were heated enough to
burn below-ground plant seeds and roots, giving strong indication that reduction
of fuel is needed to prevent future conflagrations. (Yellowstone 2001).
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The cost between the control methods is highly variable. With the recent
fluctuations in fuel prices, it is difficult to determine which control method has the
most efficient cost on a per acre basis (Table 3.1).

Table 3.1 - Mowing and Burning Costs
• Field Mowing with shrubs and rocks

$65/acre

^ Field mowing with no obstacles

$57/acre

^ Brontosaurus work (approx 1 acre per day)

$1200/day

• Management-ignited burns

$78.13/acre

^ Brush, range, grassland burns

$57.09/acre

Mowing costs are from BWP & Sons, an Exeter, NH Landscape Construction company.
Burning costs are excerpted from USDA FS Tech Report (Cleaves 1999). These costs are
averaged nationwide. The northeast having the lowest costs for brush and range burns.

However, there are three disadvantages to using prescribed fire. First, it
produces smoke, which could have adverse effects on sensitive areas. Second,
the fire could escape, causing injury or property loss. And lastly, fire is weather
dependent, a challenge in the Northeast, with its rapidly changing weather
patterns, strong breezes and winds (Weyrick 2001).
On January 24, 2003, in Portsmouth, NH, professionals gathered for the
workshop Using Fire to Control Invasive Plants: What's New, What Works in the
Northeast. Of the 8 research projects presented, only a few of the invasive
species found on the sites of this study were mentioned or included. Therefore,
additional information on invasive species from this study would be welcomed by
other researchers across the country.
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During the literature review almost all research done on fire and its effects
quoted one particular paper, Ecology of Fire in Grasslands, by R. Daubenmire
(1968). Mr. Daubenmire's paper is a culmination of fire research done in the
1950s and 1960s. Although the paper is dated, in some respects, its basic
premise still holds true today. A prescribed fire in one area may be the perfect
burn. However, change the slope, soils, aspect or even one plant species and
the results from the fire can be entirely different. Throughout Daubenmire's
writing he states the results from a particular burn. He then compares it to a burn
of similar vegetative structure with one or two factors different and explains that
the results may not be what was expected or the results are not similar at all.
Many of the research papers agreed no matter which habitat or
successional stage referred to - disturbance is needed to maintain the integrity
and diversity of any particular community.
Oak forests of the Appalachians have been improved in health and
regeneration by the use of fire. In California, sequoias (Sequoiadendron
giganteum) in areas recently burned, have shown heavy regeneration where
none has existed previously. Since the 1960s studies have been conducted on
the connection between fire and giant sequoias. As with other species, the
sequoias need fire for their seeds to germinate. The fire also consumes the duff
layer and reduces competing vegetation.
Fire is now considered an acceptable technique for wildlife management.
Along with a possible food production increase, the mosaic pattern created by
many fires may be beneficial in creating critical niches for some species. The NH
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Fish and Game Department has used fire to manage the Karner Blue easement
in Concord, NH, for the federally endangered butterfly along with 29 other
Lepidoptera species considered threatened or endangered in the state. The
prescribed burns not only killed off some of the oak scrub but reduced
competition of the native lupine plants and encouraged growth of several nectar
species necessary for the butterfly's survival. Native lupine is the only plant used
by the Karner Blue's larvae. Without the native lupine the butterfly will not
survive, and without fire the native lupine will suffer. The preferred habitat for the
lupine is the scrub oak/ pine barren habitat. Prescribed burns help to remove the
competition for the lupine as well as many nectar species used by the adult
butterflies. After the first burn on the Concord easement, a pair of common
nighthawks (Chodeiles minor), a NH listed threatened bird, moved into the
burned site, exciting a few of the local birders (personal experience, 1998).
It is a general belief by researchers that is it not only important to
understand natural vegetation trends with and without fire but the critical links of
vegetation and life history of the wildlife being managed. In Niering's (1981)
paper, a number of game birds, ie: sage grouse (Centrocerus urophasianus),
ruffed grouse (Bonasa umbellus), bobwhite quail (Celinus virginianus), prairie
chicken (Tympanuchus cupido), and red grouse (Lagopus lagopus scoticus) are
all described as gaining benefits from burning. The only game bird mentioned
that did not benefit from habitat disturbance beyond clearcutting was the blue
grouse (Dendragapus obscurus) of the Pacific coastal region.
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Though prescribed fire is part of the management plans on the Great Bay
National Wildlife Refuge, the Refuge has always been reliant upon the fire crew
from Rachel Carson NWR to complete all burns. Unfortunately, the fire season's
weather plays a huge role in whether or not the burns ever take place. Like the
Karner Blue easement near the airport in Concord, NH, wind direction is a critical
factor for Great Bay NWR because of its close proximity to homes, major
roadways and businesses. Unfortunately, the last burn occurred on 19
September 2001, 8 days after the attack on the twin towers in New York. There
was quite a bit of panic in the area, especially around the shopping malls, when
the smoke was seen, even with all the announcements on multiple radio stations
explaining about the prescribed burns.
Management at the Great Bay National Wildlife Refuge considers all
wildlife species within its borders, however, Jimmie Reynolds, manager, is more
concerned with bird species because the Refuge is located within the Atlantic
flyway and a stop off point for a number of migratory species (Appendix H).
When performing either a prescribed burn or mowing on the fields of the Refuge,
the life cycle of bird species is always taken into consideration and the
management technique is done either in the early spring or after 15 August.
Though Dettmers (2003) research concentrated primarily on shrubland and early
successional forest species of birds, he also looked at counts along North
American Breeding Bird Survey (BBS) routes in grasslands, wetlands, and forest
habitats. He concluded that for species abundance of more than 9 individuals per
BBS route, grasslands have the highest percentage at 40%. Thirty percent of the
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uncommon species (<3 per BBS route) were also found in grasslands with
shrublands having the highest percentage at 58%. Also Dettmers found in his
study that the grassland habitat had the highest percentage of species that
declined significantly over the survey period from 1966 to 2000 with no species
showing a significant increase during the same period. It is also noted that the
size of breeding range is not a general factor of concern for any of the four
groups. However, patch size does matter to a small group of species in
grassland and forest birds. Shrubland species like the golden-winged warbler
(Vermivora chrysoptera) and the yellow-breasted chat (Iceteria virens) may be
the two species most affected by the habitat patch size.
Openings with diameter to height (D/H) ratio of 10:1 to a D/H ratio
of 20:1 and larger are more appropriately considered grasslands
rather than forest openings. Edges have been considered
especially productive areas for many species of birds. .. .more
species were present there than were found in the interior forest.
..working in a continuous field-forest edge, changes in habitat
composition and structure apparently resulted in decreasing
numbers of nests of the open-nesting passerines found during
their study. The research also found that over half of the nests
were found within 15 meters (approx 50') of the edge. The most
important aspects of upland openings are vegetative form and size.
(Taylor).
Many of the species found in southern New Hampshire that use old fields
extensively require larger parcels than were presented in this study. The largest
field studied was Site 2, the wet meadow, at 11.81 acres in size; it received the
mowed treatment (Appendix I).
It is believed by some that species decline is not entirely due to the
decline in large open habitats like pastures, and current and abandoned hay
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fields, but also the suppression of natural disturbances like fire, flood and beaver
(Castor canadensis) activity (Askins 2001).
In south-central Manitoba, it was discovered that burning reed
(Phragmites australis) in spring prior to waterfowl nesting resulted in a
corresponding increase in both the marsh edge and nesting sites (Niering 1981).
Summer fires are more effective in killing or stopping growth in hardwoods
up to 3 inches d.b.h. (diameter at breast height). The herbaceous and legume
abundance is increased 10 times and 5 times respectively. Deer use is higher in
burned than non-burned areas. Pair their ability to impact resurging woody
growth and the increase of plant cover with an occasional burn and the result is a
significant benefit to properties where regular burning is not often a possibility. In
eastern Pennsylvania a10 to 20 acre grassland was still in grass 10 years after
the burn due to the fire/deer interaction (Neiring 1981). Unfortunately, on Great
Bay NWR a summer burn is not an option due to management for bird species
which may be using the fields as nest sites.
In national parks where sequoia grows, white fir, a common understory
species, is kept in check through the use of fire at a 7 to 9 year frequency. In
New Jersey, fire is used to improve visibility, increase wildlife, and reduce fire
hazards in recreational areas. The fire rejuvenates the undergrowth, and helps
to reduce tarspot (Rhytisima andromedae) by acting as a sterilizing agent.
Tarspot is a fungus causing a black spot of various sizes on leaves. Its spores
are spread by the rain. It normally does not kill a tree but is an aesthetic
problem.
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CHAPTER IV

METHODS
Outcome Measures
The methods of measurements, from height to biomass, was changed the
second season because the biomass numbers would give more accurate
numbers. The height measurements had a much higher probability of being
affected by weather and wildlife. The measurements taken for height during the
first growing season were done according to personal communication with a few
UNH professors. No literature research had been uncovered proving validity.
Since those early conversations Tom Lee, a plant biologist, was included in my
committee so errors were less likely to occur. The reliability was based on the
researcher's consistency, accuracy with measuring equipment and recording
details.

Conditions Of Testing
Weather was the only altering condition accounted for in this research.
Twenty hours per week were dedicated to taking measurements on sunny and
cloudy days. The days of the week varied according to weather conditions.
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Treatments
Two treatments were used in this study. Prescribed burns were
completed on sites 1 and 6 on 19 September 2001, and the mowing occurred
during the third week of October 2001 on sites 2 and 5. No burning has occurred
on any of the Refuge property since the burns of 2001. Mowing has occurred
every two or three years since the original dates of this study. The same
measurements and procedures for growth and biomass occurred on all selected
sites within both treatment groups.
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CHAPTER V

RESULTS
On Site 1, in the months following the September burn, before the first
heavy frost, many of the grass species averaged 3 mm of growth per week.
Shrubs showed no signs of re-sprouting nor were they completely dried out or
dead before snow fell at the end of December. Vaccinium and Lonicera species
also located on Site 1 were blooming on 21 December 2001.
Growth measurements were taken on sites 1 and 2 during the first
growing season. Only 15 plants were found in multiple plots on both sites. A
T-test was used to compare the growth values because only two factors were
being compared, growth and species. No significant difference in growth was
found between the two treatments (T-test = 0.05, P-value =0.64, d.f.=14). The
differences in the growth numbers can be attributed more to the differences in
the fields and frequency of occurrence than in the differences between the
treatments of the fields as shown in Table 5.1.
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Table 5.1

Growth Measurements of 15 Commonly Occurring Species
During Season 1 (2002) on Sites 1 and 2

SPECIES
Achillea millefolium
Yarrow
Aster novae-angliae
New England aster
Rhamnus frangula
Buckthorn
Potentilla reptans
Trailing cinquefoil
Potentilla simplex
Old field cinquefoil
Rubus spp.
Dewberry
Dianthus armeria
Deptford pink
Poa pratensis
Kentucky bluegrass
Elymus repens
Wild rye
Phleum pratense
Timothy grass
Glyceria striata
Fowl mannagrass
Hieracium spp.
Hawkweed
Solidago spp
Goldenrod
Fragaria vesca
Strawberry
Hypericum perforatum
St John's wort

Total Growth
Burned Site
Season 1

Freq of
Plants on
Site 1

Total Growth
Mowed Site
Season 1

Freq of
Plants on
Site 2

20.8

6

20.1

10

43.9

4

55.4

4

45.8

2

30.6

2

51.1

7

47.1

10

41.1

2

16.3

2

124.5

19

31.3

6

7.8

3

42.4

2

21

54.5

7

143.7

15

71.9

2

59.7

8

66.0

3

47.7

8

87.5

2

12.2

8

5.2

2

34.7

11

173.0

35

7.5

8

12.0

6

22.6

3

43.1

3

105.3

Growth measurements include upright plants as well as the stem length of recumbent,
trailing plant species, ie: Potentilla reptans, Rubus spp., and Fragaria vesca.
The frequency refers to the number of plants located within the Site with no reference to
the number of plots.
The Total Growth Measurements are the mean growth in centimeters.
The only species that showed any significant difference between the
mowed and burned treatments were those whose frequency was greater.
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Dewberry had a total growth of 124.5 cm on the burned site with a frequency of
19 plants compared to the mowed site of 31.3 cm of growth but with only 6
specimens measured. Kentucky bluegrass had a total growth of 105.3 cm with
21 specimens on the burned site and only 54.5 cm of growth on the mowed site.
With the exception of those which were significantly larger in frequency, there
was no significant difference in growths between the two treatments. Growth
was more affected by unexpected disturbances than biomass results, ie: deer
browsing, ants, and stolen flags (mostly by curious wildlife. Some were never
recovered). Solidago species were grouped together due to the inability to
positively identify some specimens in the first season from the lack of existing
inflorescence.
Working with a null hypothesis of no difference between the two
treatments, common sense would dictate that the biomass on the mowed fields
would be higher simply because all plant material was not eliminated in a
previous season. The burned sites would be bare at the beginning of the
growing season since most plant material was consumed by fire. An ANOVA
was used to compare the biomass numbers. The resulting P factor of .106
shows that there is only a ten percent chance of replicating this study. The
differences may be due more to the climatological factors, soils, aspect, and
habitat use than the treatment method (Table 5.2; Appendix K).
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Table 5.2 - Biomass Totals All Species Per Plot

Plot 1
Plot 2
Plot 3
Plot 4
Plot 5
Plot 6
Plot 7
Plot 8
Plot 9
Plot 10
Plot 11
Plot 12
Plot 13
Plot 14
Plot 15
Plot 16
Plot 17
Plot 18
Plot 19
Plot 20
Plot 21
Plot 22
Plot 23
Plot 24
Plot 25
Plot 26
Plot 27
Plot 28
Plot 29
Plot 30
Mean per Site

Site 1
122.1
130.6
181.5
152.7
211.5
208.0
170.9
104.9
130.6
251.7
189.9
155.3
138.0
213.5
250.4
179.6
208.7
35.2
69.9
64.1
153.0
209.6
195.3
314.4
155.4
227.4
183.9
180.1
208.6
170.5
172.2

Site 2
279.8
366.6
732.8
178.5
281.1
549.1
421.7
165.3
312.5
315.9
273.6
263.9
281.3
525.0
149.3
222.4
393.9
351.1
185.9
490.6
340.5
211.8
309.6
296.2
436.5
312.6
282.1
261.9
465.3
164.1
327.4

Site 5
221.1
168.6
449.1
158.2
184.2
257.6
371.3
227.5
177.1
283.1
328.6
253.0
211.2
402.0
170.8
181.3
261.8
117.0
437.4
268.0
155.3
142.1
224.8
153.9
302.6
126.7
195.0
217.3
72.0
338.8
235.2

Site 6
137.0
112.4
140.9
218.9
106.4
133.9
286.2
206.5
144.6
164.3
226.5
131.7
190.0
231.5
148.4
138.5
236.2
224.1
192.1
315.4
150.7
132.7
217.8
136.4
477.5
200.3
191.7
239.7
191.3
207.7
194.4

Biomass totals are shown in grams.
Std. Deviation = 0.13 P-value = 0.106
Biomass totals per plant species is located in Appendix K.
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Invasive Observations
Great Bay NWR has 21 known invasives growing within its borders
(Appendix B). Of the 21 species, 12 were identified within the research sites.
The most obnoxious of these invasives was black swallow-wort. On Site 1, there
was a significant area of black swallow-wort (Vincetoxicum nigra) with smaller
patches scattered throughout the site. The spring following the burn (2002)
showed an observed increase in the number of plants. Without an actual count
of plants or a measurement of the densest areas, only observations were
recorded. Referring to notes taken shortly after the prescribed fire, more
individual plants were seen in the spring, in areas that did not have them the
previous year. Since the burns, even with mowing, the plant has continued to
spread. Vincetoxicum nigra is a species within the milkweed
(ASCLEPIADACEAE) family. The seeds are attached to silken parachutes
similar to common milkweed (Asclepias syriaca) and dispersed by wind. Due to
the lack of ground cover the seeds had no competition and easily germinated.
Though the woody invasives European buckthorn (Rhamnus cathartica), and
glossy buckthorn (Rhamnus frangula) appeared to be dead at the end of 2001, in
the spring (2002) they had no difficulty generating sprouts, appearing to have
almost tripled in numbers. The Japanese barberry (Berberis thunbergii) was
small, had only a few specimens and did not appear to have been affected by the
fires.
All study fields were within a mile of each other. Each contained similar
vegetative species, yet had their own unique qualities.
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* Site 1 slopes westerly to the bay with a 8-15% slope, is a wetland at its
base and receives prevailing breezes and winds from the bay. It is the
smallest of the sites.
* Site 2 is a large wet meadow sloping to the bay in a southerly direction.
The breezes from the bay are hindered by a tree line of spruce and fir. It
is the largest of the sites at just over 11 acres.
* Site 5 drains directly into Stubbs Pond. There were mature trees within
the field to work around, something none of the other sites had. It
supported fruit trees and was more shaded due to the tree line
surrounding the site.
* Site 6 is open with little protection. Its slope is in a northeasterly
direction and drains into one of the drainage ditches put in place by the Air
Force which leads to Stubbs Pond. There were two patches of large
shrubs to work around.

Field Notes
Choosing the right paint color proved to be difficult, therefore flags were
more heavily relied upon for specimen documentation.
Evidence was seen of deer browsing and fawns using the research fields
for bedding down. Despite the deer traffic no tick was found on researcher until
August 2003 on the burned sites.
Some of the stolen flags were found several hundred feet from the site.
The flags had multiple teeth marks and since deer only have one set in the front,
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it was decided that other visitors likely played with the flags. With the diversity of
wildlife species living on the property, and the flags constantly moving from the
breezes off Great Bay, the guilty party could have been anything: raccoon
(Procyon lotor), fisher (Maries pennanti), opossum {Didelphis virginiana) , fox red or gray (Vulpes vulpes or Urocyon cinereoargenteus), coyote (Canis
latrans).
Red-tailed hawks (Buteo jamaicensis) were a common sight over Site 1
and 2. Adults were observed carrying prey and riding the thermals heading into
the tree line. Owl pellets were found under a mulberry tree at the top of the hill
northwest of the dirt road of Site 2.
Scat was identified from rodents, coyote, fox, raccoon, and deer
(Odocoileus virginianus). Tracks from several of these animals as well as fisher
(Maries pennanti) were found on the sites, as well as green (Liochlorophis
vernalis) and garter (Thamnophis sirialis) snakes.
The second growing season was thought to be much wetter than the first,
because the plants were more lush and remained green into September.
However, according to the Climatological Statistics station in Portsmouth, NH,
the difference in the rain fall totals between 2002 and 2003 was 0.5 inches. 2002
had a total rainfall of 43.28 inches. The following year, 2003, had a rainfall total
of 43.78 inches. The major difference between the two years was the total
snowfall amount. From January to April 2002 the snowfall total was 37.5 inches.
During that same time in 2003 the total snowfall amount was 66.5 inches.
However, the lack of die off at the end of the second season's summer may be
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attributed to the higher rainfall totals in August. August 2002 had 1.42 inches
rainfall and August 2003 had 3.64 inches (Table 5.3).
Table 5.3 Portsmouth Climatological Statistics station at Pease
International Tradeport received from the NH State Climatologist 2003

January
February
March
April
May
June
July
August
September
October
November
December
Total
Precip

Temp

2001
Precip

Snowfall

60.6
53
44.5
36.3

3.05
1.68
1.55
2.97

0
0
0.1
6.5

9.25

Temp
32.5
31.1
36.8
47.5
55.2
63.3
72.2
73
65.7
48.5
38.4
29.1

6.6

2002
Precip
2.83
2.22
4.41
3.84
4.88
5.51
1.33
1.42
3.31
4.14
4.46
4.93

Snowfall
17
1.6
16.5
2.1
T
0
0
0
0
T
4.5
19.5

43.28

61.2

Temp
17.7
21.4
33
41.8
53.5
64.4
72.4
72.1
62.1
49.6
42.6
33.1

2003
Precip
2.51
4.43
3.99
3.89
4.05
4.29
1.46
3.64
3.31
5.83
2.15
4.23

Snowfall
26.6
26.9
5.2
7.8
0
0
0
0
0
T
T
19.8

43.78

86.3

A record high was set for the minimum temperature and the monthly mean for Jan 2002
The monthly mean for Aug 2002 had a record high that was tied.

The poison ivy's (Toxicodendron radicans) denser growth and higher
abundance in 2003 was first attributed to a wetter spring from snowmelt.
However, it could also be that it may have been better established in its second
year post burn. Since poison ivy invades disturbed sites and can thrive under a
variety of conditions it is only known conclusively that it had increased
significantly in coverage the second season.
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Discussion
Although getting a burn crew onto the Great Bay National Wildlife Refuge to
perform a prescribed fire is difficult, prescribed burns are an important
management tool that should be continued as often as possible. Timing of the
burns is as important for invasive species as it is for nesting birds and other
wildlife. Spring burns must occur before the end of March and fall burns cannot
occur until after August 15 at the earliest due to nesting birds. For invasives,
there is no date or time schedule to adhere to and the likelihood of multiple
invasive species occurring on any particular burn site is high. What may be
detrimental for one species may be beneficial to another. The burns are usually
conducted in September and October. Site 1 is one field where it is highly
recommended that only spring burns are conducted due to the large quantity of
black swallow-wort growing there.
The fall burn that occurred on 19 September 2001 allowed the black swallowwort, a destructive and fast spreading invasive, to spread without competition.
Even though measurements were not taken of the patches of swallow-wort
before the burn, the patch size increase and frequency of this plant was obvious
during the following spring and summer growing season. On Site 1 where the
swallow-wort is densest a fire crew member was asked if there was a fear of a
crown fire when the fire reached the black swallow-wort. It was commented that
a crown fire may have been a concern but the fire was extinguished when it
reached the larger patches of swallow-wort. The swallow-wort patches on the
westerly edge of the field grew up into the sumac trees and met with the wisteria
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vines which connected to the canopy of white pine and oak. A canopy fire could
have easily started had the swallow-wort not extinguished the fire.

Conclusion
The biomass numbers showed nothing significant between the two
treatments. The mowed sites, on average, had a slight increase in totals.
Allowing for the fact that mowing did not remove all debris and plant material
from the plots, this was a typical result.
Shrubs located on Site 1 were observed for their response to the burn during
the fall season. Most of the shrubs, which were autumn olive, European
buckthorn, lilacs, and a few individual specimens of various species (Appendix
H), were completely dead during the winter months. In spring most of the
invasive species began to sprout up.
Though some research has stated that ash from fire can benefit plant growth,
there was no evidence of any significant difference in growth between mowed
and burned sites. Multiple season measurements may have different
conclusions.
The opportunity for continued research of these sites is available. It would be
beneficial to set-up permanent plots in various sites to monitor the reaction of the
plant communities to different treatments.
Other research possibilities would be working with invasives. Light
deprivation of black-swallow-wort or other invasive species, reaction of black
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swallow-wort to intense heat, like a blow torch, constant mowing of Japanese
knotweed (Polygonum cuspidatum), physical removal of autumn olive
(Elaeagnus umbellate) or any other treatment or reduce the spread, or current
population of invasive species, maybe even begin to eliminate an invasive
species.
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APPENDIX A: Aerial Photos: Pease Air Force Base
Past and Present
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1947 Aerial Photo of Newington, NH farmland 6 years before land was
acquired by the Department of Defense for Pease Air Force Base
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APPENDIX A: (Continued)
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1962 - 9 years after the Department of Defense acquired the farmland in
Newington, NH
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APPENDIX A: (Continued)

m
\

^

f * *^

A

HHKMBBK

1992 Aerial Photo of Pease Air Force Base
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APPENDIX A: (Continued)
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1999 - Infrared Aerial Photo of Great Bay National Wildlife Refuge

49

APPENDIX A: (Continued)

1999- Infrared Aerial Photo of Great Bay National Wildlife Refuge
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APPENDIX B: Known Invasive Species at Great Bay National Wildlife Refuge
Alphabetical Listing by Scientific Name
Acer platanoides

Norway maple

Berberis thungergii

Japanese barberry

Celastrus orbiculatus

Oriental bittersweet

Centaurea maculosa

Spotted knapweed

Daucus carota

Queen Anne's Lace

Echinochloa crusgalli

Barnyard grass

Elaeagnus umbellata

Autumn olive

Euphoria esula

Leafy spurge

Lonincera japonica

Japanese honeysuckle

Lythrum salicaria

Purple loosestrife

Phalaris arundunacea

Reed canary grass

Phragmites australis

Common reed

Polygonum cuspidatum

Japanese knotweed

Rhamnus frangula

Glossy buckthorn

Robinia psuedoacacia

Black locust

Rosa multiflrora

Multiflora rose

Solarium tampicense

Nightshade

Vincetoxicum nigra

Black swallow-wort

Verbascum tapsus

Common mullein
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APPENDIX B: Continued
Alphabetical Listing by Common Name

Autumn olive

Elaeagnus umbellate

Barnyard grass

Echinochloa crusgalli

Black locust

Robinia psuedoacacia

Black swallow-wort

Vincetoxicum nigra

Common mullein

Verbascum tapsus

Common reed

Phragmites australis

Glossy buckthorn

Rhamnus frangula

Japanese barberry

Berberis thungergii

Japanese honeysuckle

Lonincera japonica

Japanese knotweed

Polygonum cuspidatum

Leafy spurge

Euphoria esula

Multiflora rose

Rosa multiflrora

Nightshade

Solanum tampicense

Norway maple

Acer platanoides

Oriental bittersweet

Celastrus orbiculatus

Purple loosestrife

Lythrum salicaria

Queen Anne's Lace

Daucus carota

Reed canary grass

Phalaris arundunacea

Spotted knapweed

Centaurea maculosa
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APPENDIX C: Soils
Excerpted from USDA Soil Survey of Rockingham County, NH
The information below is not in its entirety.
SITE1
140B - Chatfield-Hollis-Canton complex, 3 to 8 percent slopes, very stony.
These gently sloping soils occur as areas so intermingled that mapping them
separately was not practical. They are on low, knobby hills and ridges that in
most places have a northeast orientation. Areas are irregularly shaped and are 4
to 400 acres in size. They are about 35 percent Chatfield soil, 20 percent Hollis
soil, 20 percent Canton soil, and 25 percent other soils. Stones cover 0.01 to 3
percent of the surface.
Soil features affecting use:
Drainage class: Chatfield and Canton - well drained; Hollis- somewhat
excessively drained and well drained.
Depth to seasonal high water table: more than 6 feet
Depth to bedrock: Chatfield - 20 to 40 inches; Hollis - 10 o 20 inches; Cantonmore than 60 inches
Permeability: Chatfield and Hollis - moderately rapid; Canton - moderately rapid
or rapid
Available water capacity: Chatfield and Canton- moderate; Hollis- very low
Flooding: none
Potential for frost action: Chatfield and Hollis - moderate; Canton- low
Shrink-swell potential: low
These soils are poorly suited to cultivated crops and forage species
because of surface stones and outcrops of bedrock. Special machinery, such as
stone pickers and bulldozers equipped with rock rakes, is needed to remove the
surface stones before cropping can begin. The outcrops of bedrock can cause
damage to farm machinery. Once the soils are cleared of surface stones,
erosion, the depth to bedrock, the slope, and available water capacity are
continuing management concerns.
These soils are suited to woodland. The most common trees are eastern
white pine and northern red oak. The trees are of low quality, and the stands will
not be densely stocked. If properly managed, the soils are suitable for the
production of fuelwood and can provide suitable habitat for wildlife.
These soils are suited to urban development. Because of the depth to
bedrock, careful selection of sites for septic systems and buildings is important.
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140C - Chatfield-Hollis-Canton complex, 8-15 percent slopes, very stony.
These strongly sloping soils occur as areas so intermingled that mapping them
separately was not practical. They are on knobby hills and ridges that in most
places have a northeast orientation. Areas are oval or irregularly shaped and are
4 to 600 acres in size. They are about 35 percent soil and 25 percent other soils.
Stones cover 0.01 to 3 percent of the surface.
Soil features affecting use:
Drainage class: Chatfield and Canton - well drained; Hollis - somewhat
excessively drained and well drained
Depth to seasonal high water table: More than 6 feet
Depth to bedrock: Chatfield - 20 to 40 inches; Hollis - 10 o 20 inches; Cantonmore than 60 inches
Permeability: Chatfield and Hollis - moderately rapid; Canton - moderately rapid
or rapid
Available water capacity: Chatfield and Canton- moderate; Hollis- very low
Flooding: none
Potential for frost action: Chatfield and Hollis - moderate; Canton- low
Shrink-swell potential: low
These soils are poorly suited to cultivated crops and forage species
because of surface stones and outcrops of bedrock. Special machinery, such as
stone pickers and bulldozers equipped with rock rakes, is needed to remove the
surface stones before cropping can begin. The outcrops of bedrock can cause
damage to farm machinery. Once the soils are cleared of surface stones,
erosion, the depth to bedrock, the slope, and available water capacity are
continuing management concerns.
These soils are suited to woodland. The most common trees are eastern
white pine and northern red oak. The trees are of low quality, and the stands will
not be densely stocked. If properly managed, the soils are suitable for the
production of fuelwood and can provide suitable habitat for wildlife.
These soils are suited to urban development. Because of the depth to
bedrock, careful selection of sites for septic systems and buildings is important.
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SITE 2
3 3 A - Scitico silt loam, 0 to 15 percent slopes. This nearly level and gently
sloping soil is on broad, low plains and in drainageways. Areas are long and
narrow or irregularly shaped and are 4 to 400 acres in size.
Soil features affecting use:
Drainage class: poorly drained
Depth to seasonal high water table: 0 to 1 foot
Depth to bedrock: more than 60 inches
Permeability: slow
Available water capacity: high
Flooding: none
Potential for frost action: high
Shrink-swell potential: moderate
This soil is poorly suited to cultivated crops and forage species. It is wet
and thaws slowly in spring. The wetness and low soil temperature hamper early
planting of the crops that require a long growing season. Because of the
restricted permeability, the soil is wet after a heavy rain. Although a subsurface
drainage system may not be effective, bedding systems and land grading can
reduce the wetness.
This soil is suited to woodland. The most common trees are red maple,
eastern white pine, and white ash. The trees are of low quality, though the
stands may be densely stocked and yields may be high. The site conditions
favor the production of fuelwood. Various species of wildlife are attracted to area
of this soil.
The soil is poorly suited fdr urban development because of the wetness,
ponding, frost action, and the restricted permeability.
140B - Chatfield-Hollis-Canton complex, 3 to 8 percent slopes, very stony.
These gently sloping soils occur as areas so intermingled that mapping them
separately was not practical. They are on low, knobby hills and ridges that in
most places have a northeast orientation. Areas are irregularly shaped and are 4
to 400 acres in size. They are about 35 percent Chatfield soil, 20 percent Hollis
soil, 20 percent Canton soil, and 25 percent other soils. Stones cover 0.01 to 3
percent of the surface.
Soil features affecting use:
Drainage class: Chatfield and Canton - well drained; Hollis- somewhat
excessively drained and well drained.
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Depth to seasonal high water table: more than 6 feet
Depth to bedrock: Chatfield - 20 to 40 inches; Hollis - 10 o 20 inches; Cantonmore than 60 inches
Permeability: Chatfield and Hollis - moderately rapid; Canton - moderately rapid
or rapid
Available water capacity: Chatfield and Canton- moderate; Hollis- very low
Flooding: none
Potential for frost action: Chatfield and Hollis - moderate; Canton- low
Shrink-swell potential: low
These soils are poorly suited to cultivated crops and forage species
because of surface stones and outcrops of bedrock. Special machinery, such as
stone pickers and bulldozers equipped with rock rakes, is needed to remove the
surface stones before cropping can begin. The outcrops of bedrock can cause
damage to farm machinery. Once the soils are cleared of surface stones,
erosion, the depth to bedrock, the slope, and available water capacity are
continuing management concerns.
These soils are suited to woodland. The most common trees are eastern
white pine and northern red oak. The trees are of low quality, and the stands will
not be densely stocked. If properly managed, the soils are suitable for the
production of fuelwood and can provide suitable habitat for wildlife.
These soils are suited to urban development. Because of the depth to
bedrock, careful selection of sites for septic systems and buildings is important.
298 - Pits, sand and gravel. This map unit consist of active or recently
abandoned gravel pits, sand pits, clay pits and areas that are mined for topsoil of
roadfill. Areas are irregularly shaped and are 4 to 150 acres in size. Most are
nearly devoid of vegetation.
Inclusions make up about 10 percent of the map unit. They consist of
areas of soil or water.
This map unit is generally unsuited to cultivated crops, forage species,
and woodland. Onsite investigation is needed to ascertain the suitability for
urban uses because the limitations affecting these uses vary from area to area.
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SITE 5
32B - Boxford silt loam, 0 to 3 percent slopes. This nearly level soil is on low,
gentle rises on broad plains or on low rises at the base of hills or adjacent to
streams. Areas are oval or irregularly shaped and are 4 to 125 acres is size.
Soil features affecting use:
Drainage class: moderately well drained and somewhat poorly drained
Depth to seasonal high water table: 1 to 3 feet
Depth to bedrock: more than 60 inches
Permeability: slow
Available water capacity: high
Flooding: none
Potential for frost action: high
Shrink-swell potential: moderate
This soil is well suited to cultivated crops and forage species, but it is wet
and thaws slowly during the early part of the growing season. The wetness and
low soil temperature hamper early planting of the crops that require a long
growing season.
This soil is well suited to woodland. The most common trees are paper
birch, and eastern white pine, eastern hemlock and northern red oak. Areas of
this soil can be good sites for white pine and produce quality pine sawlogs, but
preventing the invasion of hardwoods or hemlock is difficult.
This soil is suited for urban development, but the wetness, the restricted
permeability, and the frost action are limitations.
3 3 A - Scitico silt loam, 0 to 15 percent slopes. This nearly level and gently
sloping soil is on broad, low plains and in drainageways. Areas are long and
narrow or irregularly shaped and are 4 to 400 acres in size.
Soil features affecting use:
Drainage class: poorly drained
Depth to seasonal high water table: 0 to 1 foot
Depth to bedrock: more than 60 inches
Permeability: slow
Available water capacity: high
Flooding: none
Potential for frost action: high
Shrink-swell potential: moderate
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This soil is poorly suited to cultivated crops and forage species. It is wet and
thaws slowly in spring. The wetness and low soil temperature hamper early
planting of the crops that require a long growing season. Because of the
restricted permeability, the soil is wet after a heavy rain. Although a subsurface
drainage system may not be effective, bedding systems and land grading can
reduce the wetness.
This soil is suited to woodland. The most common trees are red maple,
eastern white pine, and white ash. The trees are of low quality, though the
stands may be densely stocked and yields may be high. The site conditions
favor the production of fuelwood. Various species of wildlife are attracted to area
of this soil.
The soil is poorly suited for urban development because of the wetness,
ponding, frost action, and the restricted permeability.

SITE 6
32B - Boxford silt loam, 0 to 3 percent slopes. This nearly level soil is on low,
gentle rises on broad plains or on low rises at the base of hills or adjacent to
streams. Areas are oval or irregularly shaped and are 4 to 125 acres is size.
Soil features affecting use:
Drainage class: moderately well drained and somewhat poorly drained
Depth to seasonal high water table: 1 to 3 feet
Depth to bedrock: more than 60 inches
Permeability: slow
Available water capacity: high
Flooding: none
Potential for frost action: high
Shrink-swell potential: moderate
This soil is well suited to cultivated crops and forage species, but it is wet
and thaws slowly during the early part of the growing season. The wetness and
low soil temperature hamper early planting of the crops that require a long
growing season.
This soil is well suited to woodland. The most common trees are paper
birch, and eastern white pine, eastern hemlock and northern red oak. Areas of
this soil can be good sites for white pine and produce quality pine sawlogs, but
preventing the invasion of hardwoods or hemlock is difficult.
This soil is suited for urban development, but the wetness, the restricted
permeability, and the frost action are limitations.
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3 3 A - Scitico silt loam, 0 to 15 percent slopes. This nearly level and gently
sloping soil is on broad, low plains and in drainageways. Areas are long and
narrow or irregularly shaped and are 4 to 400 acres in size.
Soil features affecting use:
Drainage class: poorly drained
Depth to seasonal high water table: 0 to 1 foot
Depth to bedrock: more than 60 inches
Permeability: slow
Available water capacity: high
Flooding: none
Potential for frost action: high
Shrink-swell potential: moderate
This soil is poorly suited to cultivated crops and forage species. It is wet
and thaws slowly in spring. The wetness and low soil temperature hamper early
planting of the crops that require a long growing season. Because of the
restricted permeability, the soil is wet after a heavy rain. Although a subsurface
drainage system may not be effective, bedding systems and land grading can
reduce the wetness.
This soil is suited to woodland. The most common trees are red maple,
eastern white pine, and white ash. The trees are of low quality, though the
stands may be densely stocked and yields may be high. The site conditions
favor the production of fuelwood. Various species of wildlife are attracted to area
of this soil.
The soil is poorly suited for urban development because of the wetness,
ponding, frost action, and the restricted permeability.
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APPENDIX D: Federal Interagency Prescribed Fire Criteria
Elements
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
,16.
17.
18.
19.
20.
21.

Signature Page
GO/NO-GO Checklists
Complexity Analysis
Description of the Prescribed Fire Area
A. Physical Description
B. Vegetation/Fuels Description
C. Description of Unique Features and Resources
D. Maps
Goals and Objectives
Funding
Prescription
Scheduling
Pre-bum Considerations
Briefing
Organization & Equipment
Communication
Public & Personnel Safety, Medical
Test Fire
Ignition Plan
Holding Plan
Contingency Plan
Wildfire Conversion
Smoke Management & Air Quality
Monitoring
Post-Burn Activities

Appendices
a.
b.
c.
d.
e.

Maps
Technical review checklist
Complexity analysis
Job hazard analysis
Fire behavior modeling documentation or empirical documentation

"This guide supports the Interagency Strategy for the Implementation of Federal
Wildland Fire Management Policy. It provides unified direction and guidance for
prescribed fire planning and implementation for the Department of the Interior's Bureau
of Indian Affairs (BIA), Bureau of Land Management (BLM), the National Park Service
(NPS), the United States Fish and Wildlife Service (USFWS) and the United States
Department of Agriculture Forest Service (USDA FS)."
Excerpted from "Interagency Prescribed Fire Planning and Implementation Procedures
Reference Guide" September 2006
Complete guide available at: www.fs.fed.us/fire/fireuse/rxfire/rxfirequide.pdf
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STATE FOREST NURSERY
LEONARD WMA
HIRST WMA
EVERETT FLOOD CONTROL AREA
EVERETT FLOOD CONTROL AREA
MERRMIMACK RIVER STATE FOREST
MERRMIMACK RIVER STATE FOREST
BEAR BROOK STATE PARK
MAST YARD STATE FOREST
BLUE JOB STATE FOREST
BLUE JOB STATE FOREST
BLUE JOB STATE FOREST
BEAR BROOK STATE PARK
PINE RIVER STATE FOREST
MERRMIMACK RIVER STATE FOREST
PINE RIVER STATE FOREST
BLUE JOB STATE FOREST
BEAR BROOK STATE PARK
PINE RIVER STATE FOREST
BEAR BROOK STATE PARK
BLUE JOB STATE FOREST
MAST YARD STATE FOREST
BLUE JOB STATE FOREST
PINE RIVER STATE FOREST
PINE RIVER STATE FOREST
BEAR BROOK STATE PARK
BEAR BROOK STATE PARK
BEAR BROOK STATE PARK

PROPERTY

FISCAL PROJECT # RxBURN
REASON
SEASON
YEAR
ACRES
P1-316
1990
5.0
UNDERSTORY BURN FOR RO REPRO SPRING
4.1
1991
P1-331
FIELD RESTORATION
SPRING
1991
P1-338
0.6
ASPEN RESTORATION/SLASH BURN
FALL
FIELD RESTORATION
SPRING
SPRING
FIELD RESTORATION
WP CONE BEETLE CONTROL
SPRING
WP CONE BEETLE CONTROL
SPRING
P1-353
BLUEBERRY BARREN RESTORATION SPRING
1993
2.0
1994
P1-352
SPRING
10.0
ASPEN RESTORATION
P1-369
1996
8.0
BLUEBERRY BARREN RESTORATION SPRING
1997
P1-369
30.0
BLUEBERRY BARREN RESTORATION SPRING
1998
P1-369
20.0
BLUEBERRY BARREN RESTORATION SPRING
1998
P1-353
2.0
BLUEBERRY BARREN RESTORATION SPRING
P2-293A
SPRING
1998
9.0
PITCH PINE RESTORATION
P2-292
1998
5.0
SITE PREP
SPRING
P2-343
5.0
BLUEBERRY BARREN RESTORATION SPRING
1999
P1-369
BLUEBERRY BARREN RESTORATION SPRING
1999
10.0
P1-353
BLUEBERRY BARREN RESTORATION SPRING
1999
2.0
P2-343
13.5
BLUEBERRY BARREN RESTORATION SPRING
2000
P1-406
2000
2.0
BLUEBERRY BARREN RESTORATION SPRING
2000
P1-369
20.0
BLUEBERRY BARREN RESTORATION SPRING
2002
P1-408
2.2
BLUEBERRY BARREN RESTORATION SPRING
2002
P1-369
BLUEBERRY BARREN RESTORATION SPRING
20.0
P2-293A
SPRING
2002
9.0
PITCH PINE RESTORATION
SPRING
P2-293A
PITCH PINE RESTORATION
2003
9.0
P1-353
2003
2.0
BLUEBERRY BARREN RESTORATION SPRING
2004
P1-407A
BLUEBERRY BARREN RESTORATION SPRING
2.6
2004
P1-465
BLUEBERRY BARREN RESTORATION SPRING
1.0

APPENDIX E: State Land Prescribed Burns

PINE RIVER STATE FOREST
KARNER BLUE EASEMENT
BLUE JOB STATE FOREST*
BEAR BROOK STATE PARK
BEAR BROOK STATE PARK
AGNEW STATE FOREST
PINE RIVER STATE FOREST
KARNER BLUE EASEMENT
BEAR BROOK STATE PARK
AGNEW STATE FOREST
PINE RIVER STATE FOREST
KARNER BLUE EASEMENT
KARNER BLUE EASEMENT
KARNER BLUE EASEMENT
TOTALS

PROPERTY

FISCAL PROJECT # Rx BURN
YEAR
ACRES
2004
P2-293A
10.0
2004
8.0
2005
8.0
P1-369
2005
P1-407A
3.0
2005
P1-465
1.0
2005
P3-372
2.5
10.7
2005
P2-293A
2005
2.0
2006
P1-476
1.0
2006
P3-372
3.0
2006
P2-343
3.0
2006
1.4
2006
2.0
2007
5.0
254.6

REASON

SEASON

PITCH PINE RESTORATION
SPRING
PITCH PINE RESTORATION
FALL
BLUEBERRY BARREN RESTORATION SPRING
BLUEBERRY BARREN RESTORATION SPRING
BLUEBERRY BARREN RESTORATION SPRING
UPLAND OPENING MAINTENANCE
SPRING
PITCH PINE RESTORATION
SPRING
GRASSLAND RESTORATION
SUMMER
BLUEBERRY BARREN RESTORATION SPRING
UPLAND OPENING MAINTENANCE
SPRING
BLUEBERRY BARREN RESTORATION SPRING
GRASSLAND RESTORATION
SPRING
GRASSLAND RESTORATION
SPRING
HEATHLAND RESTORATION
FALL

APPENDIX E: (Continued)

APPENDIX F: Identified Plants on Great Bay National Wildlife Refuge
Alphabetical listing by Scientific Names
Achillea millefolium
Agalinus purpurea
Agrostis capillaris
Agrostis gigantea
Alnus rugosa
Alopecurus pratensis
Ambrosia artemisiifolia
Andropogon scoparius
Antennaria neglecta var. canadensis
Antennaria plantaginifolia var. parlinii
Anthoxanthym odoratum
Apocynum androsaemifolium (L)
Asclepias incarnata
Asclepias syriaca (L)
Aster aroquotis
Aster latiliflorus
Aster novae-angliae
Aster umbellatus
Berberis thungbergii (DC)
Berberis vulgaris (L)
Bromus inermis
Bulbostylis capillaris (L) CB Clarke
Calystegia sepium
Carex cannoidea (Schkuuk ex Willd)
Carex foeneau (Wild)
Carex gracillima (Schwein)
Carex lurida
Carex nigra acutae
Carex pallescens
Carex scoparia - (Schlcohr ex Willd)
Carex vulpinoidea
Celastrus orbiculatus
Chrysanthemum lacustre
Cichorium intybus (L)
Cirsium avense
Cirsium vulgare
Cornus amomum (Mill)
Cornus spp
Coronilla varia
Dactylis glomerata (L)
Danthonia spicata

Yarrow
Purple gerardia
Rhode Island bent-grass
Red top bent grass
Speckled alder
New Jersey tea
Common ragweed
Little blue stem

Pussytoes
Pussytoes
Sweet vernal grass
Dogbane
Swamp milkweed
Common milkweed
Aster
Calico aster
New England aster
Flat-topped aster
Japanese barberry
European barberry
Smooth brome
Hedge bindweed

Oriental bittersweet
oxeye daisy
Chickory
Canada thistle
Bull thistle
Silky Dogwood
Dogwood
Crown vetch
Orchard grass
Wild oat grass

63

APPENDIX F: (Continued)
Daucus carota
Dianthus armeria
Dichanthelium acuminatum var planicum
Elaeagnus umbellata (Thunb)
Eleocharis tenuis var. tenuis (JA Schultes)
Elymus repens
Equisetum arvense
Erigeron strigosus
Euphorbia cyparissias
Euphorbia esula (L)
Festuca filiformis (Pourret)
Festuca trachyphylla (Hackel)
Festucea probably (Trachyphylla)
Festucea rubra
Fragaria vesca
Galium palustri
Glyceria striata (Lam)
Habenaria blephariglottis
Hedyotis caerulea (L) Hook
Helenium nudiflorum (L)
Hieracium aurantiancum (L)
Hieracium caespitosum (Dumort)
Hypericum perforatum
Ilex verticillata
Iris versicolor
J uncus effusus
Juncus greenei (Oakes & Tuckerman)
Juncus pelocarpus (E Meyer)
Juncus tenuis (Willd)
Junipersu communus (L)
Juniperus horizontalis (Moench)
Linaria vulgaris (Mill)
Lobelia inflata
Lotus corniculatus
Ludwigia alternifolia
LUZULA multiflora (DC)
Lycapus americanus (Muhl)
Lysimachia terrestris

Queen Anne's lace
Deptford pink
Panic Grass
Autumn olive
Wild rye
Field horsetail
Fleabane
Cypress spurge
Leafy spurge
Fescue
Hard fescue
Fescue
Red fescue
Strawberry
Bedstraw
Fowl mannagrass
White fringed orchis
Bluets
Sneezeweed
Orange Hawkweed
Yellow Hawkweed
St. John's Wort
Holly
Northern blue iris
Soft rush
Rush
Rush
Slender rush
Common juniper
Creeping juniper
Butter & eggs
Indian tobacco
Birdsfoot trefoil
Seed box primrose
Wood rush
Water horehound
Swamp candles

Lythrum salicaria (L)
Malus spp

Purple loosestrife

Apple/ Crabapple
Red mulberry
Sensitive fern
Wood sorrel
Virginia creeper

Morus rubra (L)
Onoclea sensibilis
Oxalis stricta
Parthenocissus quinquefolia
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Peregrina comptonia
Phalaris arundinacea
Phleum pratense (L)
Plantago aristata
Plantago lanceolata (L)
Plantago major (L)
Poa palustris
Poa pratensis
Poa pratensis
Potentilla norvegica (L)
Potentilla reptans
Potentilla simplex
Prunella vulgaris
Pycnanthemum tenuifolium (Schrader)
Rannuculus bulbosus (L)
Rhamnus cathartics (L)
Rhamnus frangula (L)
Rhinanthus crista-galli
Rhus copallinum
Rhus typhina
Rhus typhina (L)
Rosa multiflora Thunb ex Murr
Rubus alleghaniensis
Rubus enslenii
Rubus flagellars
Rubus idaeus
Rudebeckia hirta
Rumex acetosella
Rumex Crispus (I)
Scirpus atrovirens (Willd)
Scirpus atrovirens v. georgianos
Scirpus cyperinus v pedicellatus (L)
Silene alba
Sisyrinchium spp
Solidago altissima
Solidago canadensis
Solidago gigantea
Solidago juncea
Solidago nemoralis
Solidago rugosa
Spiranthes cernua
Spirea tomentosa
Spotted knapweed

Sweetfern
Reed canary grass
Timothy grass
Bracted plantain
Buckhorn plantain (English)
Broadleaf plantain
Fowl meadow grass
Kentucky bluegrass
Kentucky bluegrass
Cinquefoil (pale yellow)
Trailing cinquefoil
Old field cinquefoil
Heal-all
Mountain mint
Buttercup
Common buckthorn
European buckthorn
Yellow rattle
Shining sumac
Staghorn sumac
Staghorn sumac
Multiflora rose
Common blackberry
Southern dewberry
Northern dewberry
Red raspberry
Black-eyed Susan
Red sorrel
Curly dock
Black bulrush
Black bulrush
Wool-grass bulrush
White campion
Blue-eyed grass
Tall goldenrod
Common goldenrod
Smooth goldenrod
Early goldenrod

Grey goldenrod
Wrinkle-leaved goldenrod
Nodding ladies tresses
Steeplebush
Centaurea masculosa (Lam)
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Stellaria alsine
Stellaria graminea
Taraxacum officinale
Thelypteris simulata (Davenp)
Toxicodendron radicans
Trifolium arvense
Trifolium hybridum (L)
Trifolium pratense (L)
Trifolium repens (L)
Vaccinium corymbosum
Vaccinium pallidum
Verbascum thapsus (L)
Vicia cracca
Vincetoxicum nigra
Viola sagittata Ait var ovata (Nutt) Torr & Gray
Vitis labrusca

Bog stitchwort
Chickweed
Dandelion
Massachusetts fern
Poison ivy
Rabbitfoot clover
Alsike (hybrid) clover
Red clover
White clover
High bush blueberry
Blueberry
Mullein
Purple vetch
Black swallowwort
Violet
Wild grape
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APPENDIX F: Identified Plants on Great Bay National Wildlife Refuge
Alphabetical listing by Common Names
Bulbostylis capillaris (L) CB Clarke
Carex cannoidea (Schkuuk ex Willd)
Carex foeneau (Wild)
Carex gracillima (Schwein)
Carex lurida
Carex nigra acutae
Carex pallescens
Carex scoparia - (Schlcohr ex Willd)
Carex vulpinoidea
Eleocharis tenuis var. tenuis (JA Schultes)
Trifolium hybridum (L)
Malus spp
Aster aroquotis
Elaeagnus umbellata (Thunb)
Galium palustri
Lotus comiculatus
Scirpus atrovirens (Willd)
Scirpus atrovirens v. georgianos
Vincetoxicum nigra
Rudebeckia hirta
Vaccinium pallidum
Sisyrinchium spp
Hedyotis caerulea (L) Hook
Stellaria alsine
Plantago aristata
Plantago major (L)
Plantago lanceolata (L)
Cirsium vulgare
Linaria vulgaris (Mill)
Rannuculus bulbosus (L)
Aster latiliflorus
Cirsium avense
Spotted knapweed
Cichorium intybus (L)
Stellaria graminea
Potentilla norvegica (L)

Alsike (hybrid) clover
Apple/ Crabapple
Aster
Autumn olive
Bedstraw
Birdsfoot trefoil
Black bulrush
Black bulrush
Black swallowwort
Black-eyed Susan
Blueberry
Blue-eyed grass
Bluets
Bog stitchwort
Bracted plantain
Broadleaf plantain
Buckhorn plantain (English)
Bull thistle
Butter & eggs
Buttercup
Calico aster
Canada thistle
Centaurea masculosa (Lam)
Chickory
Chickweed
Cinquefoil (pale yellow)

Rubus alleghaniensis

Common blackberry

Rhamnus cathartica (L)
Solidago canadensis
Junipersu communus (L)
Asclepias syriaca (L)

Common buckthorn
Common goldenrod
Common juniper
Common milkweed
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Ambrosia artemisiifolia
Juniperus horizontalis (Moench)
Coronilla varia
Rumex Crispus (I)
Euphorbia cyparissias
Taraxacum officinale
Dianthus armeria
Apocynum androsaemifolium (L)
Cornus spp
Soiidago juncea
Berberis vulgaris (L)
Rhamnus frangula (L)
Festuca filiformis (Pourret)
Festucea probably (Trachyphylla)
Equisetum arvense
Aster umbellatus
Erigeron strigosus
Glyceria striata (Lam)
Poa palustris
Soiidago nemoralis
Festuca trachyphylla (Hackel)
Prunella vulgaris
Calystegia sepium
Vaccinium corymbosum
Ilex verticil lata
Lobelia inflata
Berberis thungbergii (DC)
Poa pratensis
Poa pratensis
Euphorbia esula (L)
Andropogon scoparius
Thelypteris simulata (Davenp)
Pycnanthemum tenuifolium (Schrader)
Verbascum thapsus (L)
Rosa multiflora Thunb ex Murr
Aster novae-angliae
Alopecurus pratensis
Spiranthes cernua

Common ragweed
Creeping juniper
Crown vetch
Curly dock
Cypress spurge
Dandelion
Deptford pink
Dogbane
Dogwood
Early goldenrod
European barberry
European buckthorn
Fescue
Fescue
Field horsetail
Flat-topped aster
Fleabane
Fowl mannagrass
Fowl meadow grass
Grey goldenrod
Hard fescue
Heal-all
Hedge bindweed
High bush blueberry
Holly
Indian tobacco
Japanese barberry
Kentucky bluegrass
Kentucky bluegrass
Leafy spurge
Little blue stem
Massachusetts fern
Mountain mint
Mullein
Multiflora rose
New England aster
New Jersey tea
Nodding ladies tresses

Iris versicolor

Northern blue iris

Rubus flagellars
Potentilla simplex
Hieracium aurantiancum (L)
Dactylis glomerata (L)

Northern dewberry
Old field cinquefoil
Orange Hawkweed
Orchard grass
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Celastrus orbiculatus
Chrysanthemum lacustre
Dichanthelium acuminatum var planicum
Toxicodendron radicans
Agalinus purpurea
Lythrum salicaria (L)
Vicia cracca
Antennaria neglecta var. canadensis
Antennaria plantaginifolia var. parlinii
Daucus carota
Trifolium arvense
Trifolium pratense (L)
Festucea rubra
Morus rubra (L)
Rubus idaeus
Rumex acetosella
Agrostis gigantea
Phalaris arundinacea
Agrostis capillaris
Juncus greenei (Oakes & Tuckerman)
Juncus pelocarpus (E Meyer)
Ludwigia alternifolia
Onoclea sensibilis
Rhus copallinum
Cornus amomum (Mill)
Juncus tenuis (Willd)
Bromus inermis
Solidago gigantea
Helenium nudiflorum (L)
Juncus effusus
Rubus enslenii
Alnus rugosa
Hypericum perforatum
Rhus typhina
Rhus typhina (L)
Spirea tomentosa
Fragaria vesca
Lysimachia terrestris

Oriental bittersweet
oxeye daisy
Panic Grass
Poison ivy
Purple gerardia
Purple loosestrife
Purple vetch
Pussytoes
Pussytoes
Queen Anne's lace
Rabbitfoot clover
Red clover
Red fescue
Red mulberry
Red raspberry
Red sorrel
Red top bent grass
Reed canary grass
Rhode Island bent-grass
Rush
Rush
Seed box primrose
Sensitive fern
Shining sumac
Silky Dogwood
Slender rush
Smooth brome
Smooth goldenrod
Sneezeweed
Soft rush
Southern dewberry
Speckled alder
St. John's Wort
Staghom sumac
Staghorn sumac
Steeplebush
Strawberry
Swamp candles

Asclepias incarnata

Swamp milkweed

Anthoxanthym odoratum
Peregrina comptonia
Solidago altissima
Phleum pratense (L)

Sweet vernal grass
Sweetfern
Tall goldenrod
Timothy grass
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Trailing cinquefoil
Violet
Virginia creeper
Water horehound
White campion
White clover
White fringed orchis
Wild grape
Wild oat grass
Wild rye
Wood rush
Wood sorrel
Wool-grass bulrush
Wrinkle-leaved goldenrod
Yarrow
Yellow Hawkweed
Yellow rattle

Potentilla reptans
Viola sagittata Ait var ovata (Nutt) Torr & Gray
Parthenocissus quinquefolia
Lycapus americanus (Muhl)
Siiene alba
Trifolium repens (L)
Habenaria blephariglottis
Vitis labrusca
Danthonia spicata
Elymus repens
LUZULA multiflora (DC)
Oxalis stricta
Scirpus cyperinus v pedicellatus (L)
Solidago rugosa
Achillea millefolium
Hieracium caespitosum (Dumort)
Rhinanthus crista-galli
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APPENDIX G: Paint Colors
A study concern was the paint color. Most specimens in this study were in
full sun with little protection. Both white and orange paint were used. Neither
was appropriate for the entire season. The white was visible when the plant was
dried but it was difficult to see when the plant was green. The orange was the
exact opposite. It was easily visible when the plant was alive and green but
much more difficult when at the end of the growing season the plants dried and
turned brown. An attempt was made at obtaining other colors for comparison but
the paint companies contacted were unable to accommodate the request for
small quantities. Since it was not vital to this research no other colors were
purchased.
Flag colors used were blue, pink glo, orange glo, and green glo. The
green was faded out by the end of the summer measurements and by the end of
the second season they were nearly impossible to see. The pink, and orange had
stronger color left, except in areas where plants were scarce and the flags had
full exposure from sunup to sundown. The deeper blue was the only color to
hold but was not used for both seasons, only the second season when the
rainfall was higher and created a heavier plant cover.
Towards the end of the first season the writing on the flags were fading.
By the beginning of the second season the print was invisible though impressions
were visible. Permanent marker was used and rewriting the information is critical
if needed for more than one season.
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Alder Flycatcher
American Black Duck
American Crow
American Goldfinch
American Kestrel
American Redstart

Empidonax ainorym
Anas ruripes
Corvus brachyrhynchos
Carduelis tristis
Falco Sparverius
Setophaga ruticilla

1
9
85
199
16
24

American Robin

Turdus migratorius

100

Baltimore Oriole
Barn Swallow

Icterus glabula
Hirundo rustica

59
64

Belted Kingfisher

Ceryle alcyon

10

Black-billed Cockoo
Black-capped Chickadee
Black-throated Green Warbler
Black & White Warbler
Blue Jay

erythropthalmus
Parus atricapillus
Dendroica virens
Mniotilta varia
Cyanocitta cristata

8
87
27
29
100

Blue-winged Warbler
Bobolink

Vermivora pinus
Dolichonyx oryzivorus

10
37

Brown Thrasher

Toxostoma rufum

7

Brown-headed Cowbird
Canada Goose

Molothrus ater
Branta canadensis

39
2

Cedar Waxwing

Bombycilla cedrorum

61

Chestnut-sided Warbler

Dendroica pensylvanica

23

Chimney Swift

Chaetura pelagica

34

Chipping Sparrow
Common Grackle

Spizella passerina
Quiscalus quiscula

20
75

Common Yellow Throat

Geothylypis trichas

154

Downy Woodpecker
Eastern Kingbird
Eastern Meadowlark
Eastern Phoebe
Eastern Townee

Picoides pubescens
Tyrannus tyrannus
Sturnella magna
Sayornis phoebe
Pipilo erythrophthalmus

32
58
41
31
57

Eastern Tufted Titmouse
Eastern Wood-pewee
European Starling

Baedophus bicolor
Cantopus virens
Sturnus vulgaris

62
61
46

Field Sparrow
Grey Catbird
Great Balck-backed Gull

Spizella pusilla
Dumetella carolinensis
Larus marinus

53
88
5

Great Blue Heron

Ardea herodias

21
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Great-crested Flycatcher

Myiarchus crinitus

65

Green Heron

Butorides virescens

2

Hairy Woodpecker
Herring Gull
House Finch
House Wren
Indigo Bunting
Killdeer

Picoides villosus
Larus argentatus
Carpodacus mexicanus
Troglodytes aedon
Passerina cyanea
Charadrius vaciferus

21
16
11
10
22
12

Mallard

Anas platyrhynchos

12

Marsh Wren
Mourning Dove
Northern Cardinal
Nothern Flicker
Northern Mockingbird

Cistothorus palustris
Zenaida Macroura
Cardinalis cardinalis
Colaptes auratus
Mimus polyglottos

12
95
63
42
29

Orchard Oriole
Osprey

Icterus spurius
Pandion haliaetus

7
23

Ovenbird

Seiurus aurocapillus

58

Pileated Woodpecker
Pine Warbler
Purple Finch

Dryocopus pileatus
Dendroica pinus
Carpodacus purpureus

7
23
2

Red-eyed Vireo
Red-tailed Hawk
Red-winged Blackbird
Rose-breasted Grosbeak

Vireo olivaceus
Buteo jamaicensis
Agelaius phomiceus
Peucticus ludovicianus

160
9
162
56

Scarlet Tanager
Song Sparrow
Tree Swallow
Upland Sandpiper

Piranga olivacea
Melospiza melodia
Tachycineta bicolor
Bartramia longicauda

64
147
45
8

Veery

Catharus fuscescens

5

White-breasted Nuthatch
Wild Turkey

Sitta carolinensis

19

Meleagris gallopavo

13

Willow Flycatcher

Empidonax traillii

28

Wood Thrush
Yellow Warbler
Yellow-billed Cuckoo
Yellow-rumped Warbler
Warbling Vireo
Yellow-throated Vireo

Hvlocichla mustelina
Dendroica petechia
Coccyzus americanus
Dendroica coronata
Vireo gilvus
Vireo flavifrons

50
46
2
1
3
1
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Rock Dove (Pigeon)
Double-crested Cormorant
Brown Creeper
Snowy Egret
Cooper's Hawk
Sora
Broad-winged Hawk
Virginia Rail
Spotted Sandpiper
Prarie Warbler
Common Loon
Wood Duck
Ring-billed Gull
Common Nighthawk
Ruby-throated Hummingbird
Rough-winged Swallow
Hermit Thrush
Blue-headed Vireo
S-M Sharp-tailed Sparrow
Hooded Merganser
Pied-billed Grebe
Red-breasted Nuthatch
King Rail
Barred Owl
Least Bittern
Common Moorhen
Turkey Vulture

Columba livia
Phalacroxorax auritus
Certhia americana
Egretta thula
Accipiter cooperii
Porzana Carolina
Buteo platypterus
Rallus limicola
Actitis macularia
Dendroica discolor
Gavia immer
Aix sponsa
Larus delawarensis
Chordeiles minor
Archilochus colubris
Stelgidopteryx serripennis
Catharus guttatus
Vireo solitarius
Ammodramus caudacutus
Lophodytes cucullatus
Podilymbus podiceps
Sitta canadensis
Rallus elegans
Strix varia
Ixobrychus exilis
Gallinula chloropus
Cathartes aura
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1
16
6
4
2
4
2
8
2
4
1
4
3
1
1
1
1
6
4
2
3
1
1
1
2
2
1

Latin
Ixobrychus exilis
Ardea herodias
Nycticorax viodaceus
Plegadis falcinellus
Cygnus olor
Branta canadensis
Ans rubripes
Anas platyrhynchos
Cathartes aura
Haliaeetus leucocephalus
Circus cyaneus
Accipiter striatus
Accipiter cooperii
Accipiter gentilis
Buteo platypterus
Buteo jamaicensis
Buteo lagopus
Aquila chrysaetos
Falco sparverius
Falco columbarius
Falco peregrinus
Perdix perdix
Phasianus colchicus
Bonasa umbellus
Meleagris gallopavo
Colinus virginianus
Charadrius vociferus

Species

Least Bittern
Great Blue Heron
Yellow-crowned night heron
Glossy Ibis
Mute Swan
Canada goose
American black duck
Mallard
Turkey vulture
Bald eagle A
Northern harrier
Sharp-shinned hawk
Cooper's hawk
Northern goshawk
Broad-winged hawk
Red-tailed hawk
Rough-legged hawk
Golden eagle
American kestrel
Merlin
Peregrine falcon •
Gray partridge
Ring-necked Pheasant
Ruffed grouse
Wild turkey
Northern bobwhite
Killdeer
wf
bf, wf
bf.wf
bf
wf
bf, wf
b, bf

bf
bf, wf
w, wf
bf
bf, wf

wf
bf, w, wf

all 4
bf
wf
bf, wf
wf
bf, wf,
bf, wf,
bf
bf
bf, wf,
w, wf
bf
bf, w, wf
wf
bf, wf
b, bf, w,wf
b, bf, w,wf
bf
bf, wf
b, bf, w,wf
b, bf, w,wf

wf

Grass

wf
bf

wf

Cultivated

b,bf,w, wf

b,bf
bf

wf
bf, wf
bf, wf
bf
bf
bf.wf
w, wf
bf
w, wf
wf
bf, wf

wf

Forbs

b, bf, w, wf
bf
bf, wf
b, bf

bf, wf
w, wf
bf
w, wf
wf
bf, wf

wf
bf, wf
bf, wf
bf

wf

Upland Field
Shrubs/Old Fields

B-breeding shelter; BF-breeding feeding; W- winter shelter; WF- winter feeding
Bold letters shows preferred habitat
Excerpted from New England Wildlife - Habitat, Natural History, and Distribution

APPENDIX I: Upland Field Uses by Birds

bf
bf, wf
w, wf
bf
b, bf, w, wf
wf
bf, wf
b, bf, w, wf
b, bf, w, wf
bf
wf
b, bf, w. wf
b, bf, w, wf

b, bf, wf
bf, wf

wf
wf
bf
wf
b, bf, wf
bf, w, wf

Pasture
wf
wf

Latin

bf, wf

bf
b, bf, w, wf
bf
bf
bf
bf
b, bf, w, wf
bf
bf
bf
bf

wf
bf.wf
bf, wf
bf.wf
bf, wf,
bf, wf
w, wf
bf, wf
wf
bf, wf
w, wf
bf, wf
bf
bf
bf

b, bf

Grass

bf.wf

bf
bf
bf

wf

bf.wf
w, wf

bf, wf
bf.wf
bf.wf

Cultivated
b,bf
b,bf
bf
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Spotted sandpiper
Actitis macularia
Upland sandpiper
Bartramia longicauda
American woodcock
Scolopax minor
Larus delawarensis
Ring-billed gull
Rock Dove
Columba livia
Mourning Dove
Zenaida macroura
Common barn owl
Tyto alba
Eastern screech owl
Otus asio
Great Horned owl
Bubo virginianus
Snowy owl
Nyctea scandiaca
Barred owl
Strix varia
Great grey owl
Strix nebulosa
Long-eared owl
Asio otus
Asio flammeus
Short-eared owl
Northern saw-whet owl
Aegolius acadicus
Common nighthawk
Chordeiles minor
Whip-poor-will
Caprimulgus vociferus
Chimney swift
Chaetura pelagica
Ruby-throated hummingbird
Archilochus colubris
Northern Flicker
Colaptes auratus
Empidonax alnorum
Alder flycatcher
Empidonax traillii
Willow flycatcher
Sayornis phoebe
Eastern pheobe
Tyrannus tyrannus
Eastern kingbird
Eremophila alpestris
Horned lark
Progne subis
Purple martin
Tree swallow
Tachycineta bicolor
Northern Rough-winged swallow Stelgidopteryx serripennis
Riparia riparia
Bank swallow

Species

bf
bf
bf
bf

bf

bf
bf
bf
bf

bf

b, bf
b, bf

bf
bf
bf
b, bf

wf
bf
bf
bf
bf
wf

bf, wf
wf

bf

bf
wf
bf

wf
wf
wf
wf

b, bf

Upland Field
Shrubs/Old Fields

bf, wf
wf
bf, wf

wf
bf,
bf,
bf,
bf,

Forbs

bf
b, bf
b, bf, w, wf
bf
bf
bf
bf

bf, wf

wf
bf
b, bf
bf

wf
wf
wf

bf, wf
b, bf, wf
bf, wf
bf, wf
wf

Pasture
b, bf
b, bf
b, bf

Latin
Hirundo pyrrhonota
Hirundo rustics
Corvus brachyrhynchos
Parus atricapillus
Thryothorus ludovicianus
Troglodytes aedon
Polioptila caerulea
Sialia sialis
Catharus fuscenscens
Catharus guttatus
Turdus migrarorius
Dumetella carolinensis
Mimus polyglottos
Toxostoma rufum
Bombycilla garrulus
Bombycilla cedorum
Lanius excubitor
Lanius ludovicianus
Sturnus vulgaris
Vireo griseus
Vermivora pinus
Vermivora chrysoptera
Vermivora peregrina
Vermivora ruficapilla
Dendroica petechia
Dendroica pensylvanica
Dendroica discolor
Dendroica castanea
Oporornis philidelphia
Geothylpis trichas
Icteria virens

Cliff swallow
Barn swallow
American crow
Black-capped chickadee
Carolina Wren
House Wren
Blue-gray Gnatcatcher
Eastern bluebird
Veery
Hermit thrush
American Robin
Gray Catbird
Northern mockingbird
Brown thrasher
Bohemian Waxwing
Cedar waxwing
Northern shrike
Loggerhead shrike
European Starling
White-eyed vireo
Blue-winged warbler
Golden -winged warbler
Tennesse warbler
Nashville warbler
Yellow warbler
Chestnut-sided warbler
Prairie warbler
Bay-breasted warbler
Mourning warbler
Common yellowthroat
Yellow-breasted Chat
bf, wf

bf

b, bf

wf
wf
wf

wf
wf
wf

bf, wf

bf, wf

bf

Forbs
bf
bf
bf.wf

Grass
bf
bf
bf, wf

bf

bf.wf

Cultivated
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Species

b,
b,
b,
b,
b,
b,
b,

bf
bf
bf
bf
bf
bf
bf

b, bf
b, bf
b,bf
b, bf

b, bf
b, bf, w, wf
b, bf, w, wf
w, wf
b, bf, w, wf
w, wf
w, wf

Upland Field
Shrubs/Old Fields
bf
bf
bf
wf
b, bf
b, bf
b, bf
bf, wf
b, bf
b, bf

bf
bf
bf
bf

b, bf
b, bf

b,
b,
b,
b,

b, bf

b, bf
b, bf
b, bf, w, wf
b, bf, w, wf
wf
b, bf, w, wf
w, wf
w, wf
wf

bf, w, wf

Pasture
bf
bf
bf.wf
bf

Latin
Cardinalis cardinalis
Pheucticus ludovicianus
Passerina cyanea
Pipilo erythrophthalmus
Spizella arborea
Spizella passerina
Spizella pusilla
Pooecetes gramineus
Passerculus sandwichensis
Ammodramus savannarum
Ammodramus henslowii
Passerella iliaca
Melospiza melodia
Melospiza lincolnii
Zonotrichia albicollis
Junco hyemalis
Calcarius lapponicus
Plectrophenax nivalis
Dolichonyx oryzivorus
Agelaius phoeniceus
Stumella magna
Quiscalus quiscula
Molothrus ater
Pinicola enuclear
Carduelis flammea
Carduelis hornemanni
Carduelis pinus
Carduelis tristis
Coccothraustes vespertinus
Passer domesticus

Northern cardinal
Rose-breasted Grosbeak
Indigo bunting
Rufous-sided townee
American tree sparrow
Chipping sparrow
Field sparrow
Vesper sparrow
Savannah sparrow
Grasshopper sparrow
Henslow's sparrow
Fox sparrow
Song sparrow
Lincoln's sparrow
White-throated sparrow
Dark-eyed junco
Lapland longspur
Snow bunting
Bobolink
Red-winged blackbird
Eastern meadowlark
Common Grackle
Brown-headed cowbird
Pine grosbeak
Common redpoll
Hoary redpoll
Pine siskin
American goldfinch
Evening grosbeak
House sparrow
bf.wf

wf

bf, wf
bf, wf
bf.wf
bf.wf
wf
w, wf
w, wf

bf, w, wf
w, wf

wf

bf
bf, wf
bf
bf.wf
bf
b, bf

Cultivated
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Species

b, bf
b, bf

b, bf, wf
b, bf

wf

Forbs
wf

b, bf, w, wf
b, bf

Upland Field
Shrubs/Old Fields
b, bf, w, wf
b, bf
b, bf
b, bf
w, wf

w,wf
w, wf
w, wf
bf, w, wf
bf, wf

w, wf
w, wf
w, wf

bf, wf

b, bf, w, wf
wf
bf

w, wf
b, bf, w, wf b, bf, w, wf b, bf, w, wf
b, bf
wf
wf
b, bf, w, wf
wf
wf
b, bf, w, wf
bf,w, wf
w, wf
w,wf
b, bf
b, bf
b, bf, wf
b, bf, w, wf b, bf, w, wf
bf, wf,
wf
bf, wf
b, wf
b

wf
b, bf
b, bf, w, wf
b, bf
b, bf, w, wf
b, bf
b, bf

bf

Grass

w, wf
w, wf
w, wf
b, bf, w, wf
wf
bf, wf

b, bf, wf
wf
bf, w, wf
w, wf
b, bf
b, bf, wf
b, bf, w, wf
bf, wf
bf.wf

b, bf, w, wf

wf
b, bf
b, bf, w, wf
b, bf
b, bf, w, wf
b, bf

b,bf

Pasture
wf

Site 1
Achillea
8.0
Aster
46,5
Buckthorn
44.5
5.5
Cinq vine
37.4
Cing upright
dewberry
109.0
28.3
Dianthus
10.3
Poa pratensis
55.5
47.2
Elymus repens
78.0
70.0
76.0
Phleum pratense
70.4
Glyceria striata
Hawkweed
1.0
Solidago
34.0
1.7
Strawberry
23.8
St Johnswort
10.4
51.5
47.0
7.0
44.8
76.5
33.6
7.0
43.0
46.7
48.6
74.4
84.2
49.9
36.1
83.3
5.5
35.7
72.2

99.5

61.0

89.5 22.8

15.0

8.1 125.6 100.8 75.5 10.0 40.2
69.1 12.5 47.7 133.6 95.6
6.0
49.4 54.5 56.0 55.8 59.6 39.0
55.0 55.0 48.0 68.2 43.6 56.4
78.0 69.8 67.8 93.5 42.4 72.4
90.7
8.7 49.4 86.9
45.3 39.2 87.8
51.5 50.8 60.0 15.5 43.6 40.1
6.4
4.4 39.9
4.2 4.0 1.5
15.0 53.6 38.9 17.5 73.8 14.8
4.4
7.5 12.1 11.5
6.5 11.0
8.3

14.0

30.0
34.9

47.2
42.8

42.6
82.0

46.7
53.1

10.6

57.8
74.2
50.2

34.5

5.3

11.6

93.5 116.0

APPENDIX J: Growth Measurements for Site 1 and 2 - 2002

48.3

44.7

6.0

64.4
60.1 124.5
7.8
50.4
54.9 105.3
65.3
78.4 143.7
59.7
47.7
12.2
34.7
7.5
22.6

AVG
20.8
43.9
45.8
51.1
41.1

Strawberry
St Johnswort

Achillea
Aster
Buckthorn
Cinq vine
Cing upright
dewberry
Dianthus
Poa pratensis
Elymus repens
Phleum pratense
Glyceria striata
Hawkweed
Solidago

Site 2
14.0 25.3 13.2
68.5 59.5 52.2
29.4 31.8
52.3 57.5 59.8
20.9 11.7
46.0 19.2 17.6
30.5 53.8
50.7 58.4 24.9
72.3 71.5
43.4 91.7 62.9
61.0 114.0
3.4
6.9
84.9 52.4 66.8
26.8 39.1 36.8
23.7 87.3 47.5
7.5 12.5 10.0
29.0 39.0 61.2
38.0 89.5

36.0 98.7 33.4 106.3
96.0 31.4 40.5 69.3
64.7 98.0 71.8 23.5
14.0

21.9
78.7

35.7
25.7
76.5
10.7

41.5

44.4
79.3
62.1
17.3

19.5

76.0

63.5

18.4 24.8 78.3

28.9

51.3

11.2

23.5

17.3
41.4

27.8 38.2 12.5

APPENDIX J: (Continued)

64.7 102.4 116.0
95.1 25.4 22.4
4.5 33.2

24.0

17.5

70.1
49.0
53.9 173.0
12.0
43.1

AVG
20.1
55.4
30.6
47.1
16.3
31.3
42.2
54.5
71.9
66.0
87.5
5.2

APPENDIX K: Biomass Totals per Site

Arrowwood
Aster
Autumn olive
Bay
Bed straw
Bird's foot trefoil
Black Swallow-wort
Black-eyed Susan
Blueberry
Blue-eyed grass
Bracted plantain
Buckthorn
Bulrush
Canada thistle
Cinquefoil
Clover
Cottonwood
Daisy
Deptford pink
Dewberry
Dock
Dogwood
Fleabane
Geranium
Goldenrod
Grasses
Hawkweed
Heal all
Heavy grass
Holly
Hopclover
Impatien
Little bluestem
Milkweed
Mint

Site 1
0.5
1.6

Site 2

*

*

*

*

Site 5
0.9
2.1
7.0
9.6

*

*

*

3.3
2.4
0.7
0.1

*

2.3

*

*

4.5
0.2
0.1

*

*

*

0.6
*

0.2
1.0

*

*

*

0.2
1.0
0.2

1.0
0.3

*

*

*

11.9

0.1

*

*

0.8
1.1
0.1

0.3
3.9
12.5

*

10.0
1.2
0.5
0.7
0.4
4.1

*

*

*

*

0.1

28.9

0.2
9.2

*

2.3

*

*

*

3.6

0.9

42.1

*

*

*

0.1
0.7
7.9
0.1
36.3
0.2

0.1
2.0
111.1
0.3

2.2
39.1
143.1

*

*

*

45.5
74.3
0.1

21.3
89.6
0.4

*

*

*

*

2.5

*

*

*

*

*

*

*

*

2.6
0.1

*
*

0.1

*

*

3.8

*

1.3
1.2

*

0.7

*

*

*

0.2
0.7
0.1

*

*

*

1.2

Site 6
*

*
*
*

APPENDIX K: (Continued)

Mountain Mint
Pear
Plantain
Poison ivy
Primrose
Queen Anne's lace
Raspberry
Red sorrel
Reed canary grass
Rose
Sedge
Soft rush
Spurge
St Johnswort
Starwort
Steeplebush
Strawberry
Sumac
Sweet fern
Unknown
Vetch
Violet
Virginia creeper
Water horehound
Wild grape
Wood sorrel
Yarrow

Site 2
1.8

Site 5

Site 6

*

*

*

0.9

0.1
0.3

3.8

0.2
3.3

*

12.9

*

*

*

*

*

*

0.9
1.0

0.8

6.4

*

*

*

2.2

*

*

*

*

66.8
4.4
0.1
0.7
5.8
0.1
0.4

3.4
1.0

*

*

0.5

*

*

*

*

*

0.1

0.1
0.4

0.9
0.5

*

*

*

0.5
*

0.1
1.6

0.6

*
*

*

*

*

14.3
0.2
4.8

1.4
1.5

0.1
5.5

0.1

*

*

*

*

*

0.1

*

*

5.1

*

*

*

*

0.3

*

*

0.2
0.6

*

*

0.6

2.8

Site 1
0.8
0.3
*

1.1
*
*
*

0.1
*

1.0

*

82

*

*

